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TYPE NO. CROSS INDEX 


Type No. Use Page 


Display Tube Driver/High Voltage Amplifier 79 











































2SA639 G) 

2SA733 Audio Frequency Amplifier 82 
25A915 Audio Frequency Amplifier 85 
29A916 Audio Frequency Amplitier 88 
2SAQ952 _ Audio Frequency Amplifier 91 
25A953 Audio Frequency Amplifier 94 
2SA954 Audio Frequency Amplifier x 96 
25A987 Audio Frequency Amplifier | 98 
25A988 Audio Frequency Amplifier 100 
2SA990 Audio Frequency Low Noise Amplifier 102 
2SA991 Audio Frequency Low Noise Amplifier 105 
2SA992 Audio Frequency Low Noise Amplitier 108 
2SA1005 FM Tuner RF Amplifier, MIX, CONV., OSC. | 111 
25A 1009, 1009A High Speed, High Voltage Switching 114 
25A1142 Audio Frequency/High Frequency Power Amplifier 117 
25A1153 High Speed Switching |} 119 
25A1156 High Speed, High Voltage Switching os | 122 
25A1174 Audio Frequency Low Noise Amplifier 124 
25A1175 Audio Frequency Amplifier lz 
25A1206 High Speed Switching 130 
2SA1220 Audio Frequency/High Frequency Power Amplifier 133 
25A1376 High Voltage Audio Frequency Amplifier 135 
25A1394 High Speed Switching 138 
2SA1395 High Speed Switching 141 
2SA1396 High Speed Switching 144 
2SA1409 High Gain Amplifier 147 
25A1410 High Gain Amplifier 149 
259A 1441 High Speed Switching 151 
25A1442 High Speed Switching 155 
209A 1443 High Speed Switching 159 
2SA1444 High Speed Switching 163 
2SA1458 High Speed Switching 167 
235A 1459 High Speed Switching 170 
2SA1460 High Speed SwitchingINEW DEVICE) 173 
2SA1486 High Voltage High Speed Switching (NEW DEVICE) | 176 
25A1544 High Voltage High Frequency Amplifier (NEW DEVICE) 179 
2SA1545 High Voltage High Frequency Amplifier (NEW DEVICE) 181 
2SA1546 High Voltage High Frequency Amplifier (NEW DEVICE) 183 
25B564 Audio Frequency Power Amplifier | 185 






2S5B605 





Audio Frequency Power Amplifier | 188 


| Type No, 


25B/31 
235B/33 
25B/34 
25B/44, /44A 
29B//2 
25B/94, 795 
25B810 
25B811 
25B984 
25B1061 
25B 1068 
25B1093 
25B 1094 
25B 1095 
25B 1096 
2SB1098 
25B 1099 
25B1100 
25B1116, 1116A 
25B1117 
25B1149 
25B1150 
25B1151 
2581217 


2SC287A (B) 
2SC288A (5.B) 
2SC605 (B) 
2SC606 (B) 
2SC923 
2SC945 
2SC945 ( 
2SC1070 (1) 
2SC1070 (2) 
2SC1279 © 
2SC1280 © 
2S8C1280A © 
2SC1393 
2SC1394 
2SC1449 

2SC 1674 





Audio Frequency Power Amplifier, Low Speed Switching 


Audio Frequency Power Amplifier 

Audio Frequency Power Amplifier 

Audio Frequency Power Amplifier 

Audio Frequency Power Amplifier, Low Speed Switching 
Audio Frequency Power Amplifier, Low Speed Switching 
Audio Frequency Amplifier x 
Audio Frequency Amplifier 

Audio Frequency Power Amplifier 

Audio Frequency Power Amplifier, Low Speed Switching 
Audio Frequency Power Amplifier 

High Gain Amplifier, Low Speed Switching 

Audio Frequency Power Amplifier (NEW DEVICE) 
Audio Frequency Power Amplifier (NEW DEVICE) 
Audio Frequency Power Amplifier (NEW DEVICE) 

Low Speed Switching 

Low Speed Switching 

Low Speed Switching 

General Purpose Power Amplifier 

Medium Speed High Current Switching 

High Gain Power Amplifier/Switching 

High Gain Power Amplifier/Switching 

Audio Frequency Power Amplifier 

High Speed Switching, Low Veg (sat) (NEW DEVICE) 


VHF TV Tuner Local OSC. 

UHF TV Tuner Local OSC. 

VHF TV Tuner MIX, 

VHF TV Tuner RF Amplifier 

Audio Frequency Amplifier 

Audio Frequency Amplifier 

Audio Frequency Amplifier 

UHF TV Tuner RF Amplifier 

UHF TV Tuner MIX. 

Nixie Tube Driver/High Voltage Switching 

High Gain Amplifier/High Input |!mpedance Amplifier 
High Gain Amplifier/High Input Impedance Amplifier 
VHF. TV Tuner RF Amplifier 
VHF TV Tuner MIX. 

Audio Frequency/High Frequency Power Amplifier 
FM Tuner RF Amplifier, MIX., CONV., OSC. 





eee 


2a. 1675 
28C 1/30 
25C 1840 


2SC 1841. 
2SC1842 


25C 1843 
25C 1844 
25C 1845 
25C 1940 
28C1941 
25C 1957 
25C2000 
29C2001 
25C2002 
28C2003 
28C2026. 
29C2037 
FS Ue 8 
25C2335 
25202 
25C2353 
25C2368 
25C2369 
25C2407 
25C2408 
25C2518 


25C2570A, 


25C2682 
25C2688 


25C2690, 2690A 


2902720 
29C2/49 
25C2750 
25C2751 
28C2752 
25C2784 
28C2785 
25C2786 
2902187 
29C2901 
25C2908 





Use 


AM/FM IF Amplifier, AM CONV., OSC. 
VHF/UHF TV Tuner OSC., VHF MIX. 
Audio Frequency Amplifier 

Audio Frequency Amplifier 

Audio Frequency Low Noise Amplifier 
Audio Frequency Low Noise Amplifier 
Audio Frequency Low Noise Amplifier 
Audio Frequency Low Noise Amplifier 
Audio Frequency Amplifier 

Audio Frequency Amplitier 

High Speed High Voltage Switching 
General Purpose Amplifier 

Audio Frequency Amplifier 

Audio Frequency Amplifier 

Audio Frequency Amplifier 

High Frequency Low Noise Amplitier 
High Frequency Low Noise Amplifier 
High Speed High Voltage Switching 
High Speed High Voltage Switching 
VHF TV Tuner MIX. 

VHF TV Tuner MIX, 

Microwave Low Noise Amplifier 
Microwave Low Noise Amplifier 

High Frequency Medium Power Amplifier 
High Frequency Wideband Amplifier 
High Speed High Voltage Switching 
VHF/UHF Low Noise Amplifier 


Audio Frequency/High Frequency Power Amplifier 


Color TV Chroma Output, Video Output 


Audio Frequency/High Frequency Power Amplifier 


High Speed Switching 

High Speed High Current Switching 
High Speed High Current Switching 
High Speed High Current Switching 
High Speed High Voltage Switching 
Audio Frequency Low Noise Amplifier 
Audio Frequency Amplifier 


FM Tuner RF Amplifier, MIX., CONV., OSC. 


AM/FM IF Amplifier, AM CONV., OSC. 
High Speed Switching 
High Speed High Current Switching 


285 
288 
291 
293 
295 
298 
301 
304 
307 
310 
313 
316 
319 
321 
323 
325 
328 
331 
334 
337 
340 
343 
345. 
347 
349 
351 
354 
Jor 
359 
362 
364 
367 
370 
3f3 
376 
380 
mies 
386 
390 
393 
396 


25C3209 
25C3355 


29C3358 ~ 


25C3434 
25C3435 


2SC3478, 3478A.. | 


2$C3531 
2503533 
25C3534 
25C3535 
29C3536 
25C3544 
25C3566 
23C356/ 
25C3568 
25C 3569 
25C3570 
25C3571 
28C36/2 
29C35/3 
25C3574 
25C3615 
25C3616 
25C3622 
29C3623 
25C369 1 
29C3692 
25C3693 
25C 3694 
Zou o) 
28C3732 
28C3/33 
25C3840 
25C3999 
2SC4000 
25C4001 


25D471 
25D571 
25D773 
25D/74 





Use: 


High Voltage Audio Frequency Amplifier. 

VHF/UHF Low Noise Amplifier 

VHF/UHF Low Noise Amplifier 

High Voltage Ultra High Speed Switching (NEW DEVICE) 
High Voltage Ultra High Speed Switching (NEW DEVICE) 
High Voltage Audio Frequency Amplitier 

High Voltage High Speed Switching (NEW DEVICE} 
High Voltage High Speed Switching (NEW DEVICE) 
High Voltage High Speed Switching (NEW DEVICE) 
High Voltage High Speed Switching (NEW DEVICE) 
High Voltage High Speed Switching (NEW DEVICE) 
UHF TV Tuner OSC., MIX. (NEW DEVICE) 

High Speed Switching 

High Speed Switching 

High Speed Switching 

High Speed Switching 

High Speed Switching - 

High Speed Switching 

High Speed Switching 

Ultra High Speed Switching 

Ultra High Speed Switching 

High Gain Amplifier 

High Gain Amplifier 

High Gain Amplifier 

High Gain Amplifier 

High Speed Switching 

High Speed Switching 

High Speed Switching 

High Speed Switching 

High Speed Switching 

High Speed Switching 

High Speed Switching (NEW DEVICE) 

High Voltage High Speed Switching (NEW DEVICE) 
High Voltage High Frequency Amplifier (NEW DEVICE) 
High Voltage High Frequency Amplifier (NEW DEVICE} 
High Voltage High Frequency Amplifier (NEW DEVICE} 


Audio Frequency Power Amplifier 
Audio Frequency Power Amplifier 
Audio Frequency Power Amplifier 
Audio Frequency Power Amplifier 





2SD794, 794A 
2SD809 (1) 

2SD882 
2SD985, 986 
2SD987 ... | 
2SD1020 
2SD1021 
2$D1312 
2$D1481 
2SD1491 
2SD1513 
2SD1579 
2SD1581 
2SD1582 
2SD1585 
2SD1586 
2SD1587 
2SD1589 
2SD1590 
2SD 1591 
2SD1593 
2SD1594 
2SD1595 
2SD1616 
2SD1617 
2SD1630 
2SD1691 
25D 1692 
2SD1693 
2SD1694 
2SD1697 
2Sb1698 
2SD1700 
2SD1701 
2SD1779 
2SD1780 
2SD1818 
2SD1843 
2SD1939 




















































25J44 


vi 







Audio Frequency Power Amplifier 

Audio Frequency Power Amplifier, Low Speed Switching 
Audio Frequency Power Amplifier, Low Speed Switching 
Audio Frequency Power Amplifier, Low Speed Switching 
High Voltage Low Speed Switching 

Audio Frequency Amplifier 

Audio Frequency Amplifier 

Audio Frequency Power Amplifier 

High Gain Amplifier 

High Gain Amplifier 

Audio Frequency Power Amplifier 

High Gain Amplifier, Low Speed Switching 

High Gain Amplitier 

High Gain Amplitier 

Audio Frequency Power Amplifier (NEW DEVICE) 
Audio Frequency Power Amplifier (NEW DEVICE) 
Audio Frequency Power Amplifier (NEW DEVICE) 
Audio Frequency Power Amplifier, Low Speed Switching 
Low Speed Switching 

Low Speed Switching 

Audio Frequency Amplifier 

Audio Frequency Amplifier 

Low Speed Switching 

General Purpose Power Amplifier 

Medium Speed High Current Switching 

High Gain Amplifier 

Audio Frequency Power Amplifier 

High Gain Power Amplifier/Switching 

High Gain Power Amplifier/Switching 

High Gain Power Amplifier/Switching 

High Gain Power Amplifier/Switching (NEW DEVICE) 
High Gain Power Amplifier/Switching (NEW DEVICE) 
High Gain Power Amplifier/Switching (NEW DEVICE) 
High Gain Power Amplifier/Switching (NEW DEVICE) 
High Gain Power Amplifier/Switching (NEW DEVICE) 
High Gain Power Amplifier/Switching (NEW DEVICE) 
High Speed Switching, Low Vce (sat) (NEW DEVICE) 
High Gain Power Amplifier/Switching (NEW DEVICE) 
High Gain Power Amplifier/Switching (NEW DEVICE) 


Audio Frequency Low Noise Amplifier 








25J45 Audio Frequency Low Noise Amplifier 62? 


2SK49~ | FM Tuner RF Amplifier | 624 
25K68A Audio Frequency Low Noise Amplifier . 627 
2SK104 | General Purpose Amplifier 630 
25K105 , General Purpose Amplifier 633 
25K 162 Audio Frequency Low Noise Amplifier x 636 
2SK163 Audio Frequency Low Noise Amplifier | 638 
25K193 FM Tuner RF Amplifier 640 
2SK194 Audio Frequency Low Noise Differential Amplifier | 642 
2SK195 FM Tuner Low Noise Amplifier B44 
25K505 VIDEO Frequency Amplifier 646 
2SK507 VIDEO Frequency Amplifier. | 648 
2SK518 AM Tuner RF Amplifier 650 
25K519 AM Tuner RF Amplifier | 652 
25K514 General Purpose Amplifier | 654 
2S5K523 Audio Frequency Amplifier 657 
25K533 Audio Frequency Low Noise Amplifier | $659 
2SK540 Audio Frequency Amplifier (NEW DEVICE} 661 
2SK591 Power Switching (NEW DEVICE) 663 
2SK659 Power Switching (NEW DEVICE) 666 
2SK679 Power Switching (NEW DEVICE) | 669 
2SK681 Power Switching (NEW DEVICE) | 672 
2SK699 Power Switching (NEW DEVICE) | 675 
2SK/00 Power Switching (NEW DEVICE) | 678 
2SK701 Power Switching (NEW DEVICE) 681 
25K/02 Power Switching (NEW DEVICE) 684 
2SK703 Power Switching (NEW DEVICE) 687 
2SK704 Power Switching (NEW DEVICE) 690 
2SK705 Power Switching (NEW DEVICE) 693 
2SK736 Power Switching (NEW DEVICE) 696 
2SK737 Power Switching (NEW DEVICE) | 699 
25K773 High Voltage Power Switching (NEW DEVICE) 4702 
2SK774 High Voltage Power Switching (NEW DEVICE) 706 
2SK799 High Voltage Power Switching (NEW DEVICE) | 708 
2SK800 High Voltage Power Switching (NEW DEVICE) 711 


3SK74 | = VHF TV Tuner RF Amplifier 714 
3SK87 UHF TV Tuner RF Amplifier (DISCONTINUED) rari 
3SK87A UHF TV Tuner RF Amplifier (NEW DEVICE) 720 
3SK88s UHF TV Tuner RF Amplifier (DISCONTINUED) 724 





vil 


3S K88A UHF TV Tuner RF Amplifier (NEW DEVICE} 
3SK122 VHF TV Tuner RF Amplifier 

3SK123A UHF TW Tuner RF Amplifier (NEW DEVICE) 
3SK124 UHF TV Tuner RF Amplifier (NEW DEVICE) 
3SK161A UHF TV Tuner RF Amplifier (NEW DEVICE) 


uPAGBH Audio Frequency Low Noise Differential Amplifier : 
UPA74HA Audio Frequency Low Noise Differential Amplifier 

wPA/75HA Audio Frequency Differential Amplifier 

uPA/6HA Audio Frequency Low Noise Differential Amplifier 

BPA? 7HA Audio Frequency Differential Amplitier 


vill 


AAIL4M 
AAIF4M 
AA1TA4M 
AATA4P 
AATFAN 
AAIL4L 
AA1IL3Z 


AN1L4M 
ANTF4M 
AN1TA4M 
AN1A4P 
ANTFA4AN 
ANITL4L 
AN1L32 


BA1L4M 
BA1F4M 
BAIA4M 
BAIA4P 
BA1IF4AN 
BATL4L 
BA1L3Z 


BNTL4M 
BN1F4M 
BN1A4N 
BN1A4P 
BNiF4AN 





Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 


Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 


Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 


Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 
Medium Speed Switching 


Medium Speed Switching 





BN1L4L | — Medium Speed Switching | | 810 
BN1L3Z Medium Speed Switching | 812 
JE5400 idigh Voltage Audio Frequency Amplifier 814 
JE5401 High Voltage Audio Frequency Amplifier 816 
JE5550 High Voltage Audio Frequency Amplifier 818 
JE5551 High Voltage Audio Frequency Amplifier 890 
JE7001 VHF/UHF TV Tuner OSC., VHF MIX, 822 
JE8050 Audio Frequency Power Amplifier 825 
JE8550 Audio Frequency Power Amplifier 828 
JE9011 AM/FM IF Amplifier, AM CONV., OSC. 831 
JE9012 Audio Frequency Amplifier 634 
JE9013 Audio Frequency Amplifier — 837 
JE9014 Audio Frequency Amplifier 840 
JE9015 Audio Frequency Amplifier 843 
JE9016 FM Tuner RF Amplifier, MIX,, CONV., OSC. 846 
JE9018 VHF/UHF TV Tuner OSC. B49 
JE9042 High Voltage Audio Frequency Amplifier 851 
JE9043 High Voltage Audio Frequency Amplifier 854 
JE9092 High Voltage Audio Frequency Amplifier 856 
JE9093 High Voltage Audio Frequency Amplifier 859 
JE9112 Audio Frequency Power Amplifier 86 1 
JE9113 Audio Frequency Power Amplifier 864 
JE9123 High Gain Amplifier 867 
JE9133 High Gain Amplifier 870 
JE9143 High Gain Amplifier 873 
JE9153 High Gain Amplifier 8/6 
JE9214 Medium Speed Switching 879 
JE9215 Medium Speed Switching 883 
2N3903 General Purpose Amplifier/Switching 887 
2N3904 General Purpose Amplifier/Switching 89 1 
2N3905 General Purpose Amplifier/Switching 895 
2N3906 General Purpose Amplifier/Switching 899 
2N4123 General Purpose Amplifier/Switching 903 
2N4124 General Purpose Amplifier/Switching 907 
2N4125 General Purpose Amplifier/Switching 911 
2N4126 General Purpose Amplifier/Switching 915 
2N4400 General Purpose Amplifier/Switching 919 
2N4401 General Purpose Amplifier/Switching 923 
2N4402 General Purpose Amplifier/Switching 927 






2N4403 


NT2222 
NT2222A 
NT2369 _ 
NT2369A* 
NT2907 
NT2907A 









1$953 
18954 
1$955 
1$2207 (B) 
1$2208 (B} 
1$2209 (B) 
1$2222 
1SS16 
1S$43 
1SS53 
1$S54 
1SS55 
1SS97 
18898 
1S3899 
185101 
183103 
1$S202, 202 (1) 
1$$203 
1$$204 
1$S205 
135206 
188207 
155229 
1$5230 
1$8231 
188232 
1$$233 
188234 
185235 
1$$236 
188237, 237 (1) 








































Use 


General Purpose Amplifier/Switching 


General Purpose Amplifier/High Speed Medium Power Switching 
General Purpose Amplifier/High Speed Medium Power Switching . 
High Speed Switching 

High Speed Switching 

General Purpose Amplifier/High Speed Medium Power Switching 
General Purpose Amplifier/High Speed Medium Power Switching 


High Speed Switching 

High Speed Switching 

High Speed Switching 

VHF/UHF Band AFC 

UHF Band Tuning 

VHF Band Tuning 

VHF/UHF Band Electronic Tuner, VHF Band Low-High Ch., Switch 
UHF TV Tuner MIX. . 
UHF Band Modulator 

Detector, Medium Speed Switching 
Detector, Medium Speed Switching 
Detector, Medium Speed Switching 
UHF Band MIX. 

UHF Band Detector, MIX. 

UHF Band Detector, MIX. 

UHF Band MIX. 

VHF/UHF Band Electronic Tuner, VHF Band Low-High Ch., Switch 
High Speed Switching 

High Speed Switching 

High Speed Switching 

Detector, Medium Speed Switching 
Detector, Medium Speed Switching 
Detector, Medium Speed Switching 
High Speed Switching Double Diode 
High Speed Switching Double Diode 
High Speed Switching Double Diode 
High Speed Switching Double Diode 
High Speed Switching Double Diode 
High Speed Switching Double Diode 
High Speed Switching Double Diode 
High Speed Switching Double Diode 
UHF Band Detector, MIX. 


931 


935 
939 
943 
946 
949 
953 


957 
957 
957 
960 
962 
962 
964 
966 
968 
970 
970 
970 
972 
974 
976 
978 
980 
982 
982 
982 
985 
985 
985 
987 
987 
989 
989 
991 
991 
993 
993 
995 


1SV34 
1SV50, 50 (1) 
1SV50S 
1SV80 
1SV88 
1SV 156 
1SV157 
1$8V175 
1$8V176 
1SV183 
1SV 184 
1SV190 
1SV208 


1SZ45A 
1SZ46A 
1SZ47A 
15247 
18248 
1$250 
18251 
1$Z252 
13253 


ND487C1-3R 
ND487C2-3R 
ND487R1-3R 
ND487R2-3R 
ND587R-3R 
ND587T-3R 


RD2.0E 
™RD200E 
RD2.0F 
~RD82F 
RD4.7J5 
~RDSIJS 
RD2.0ES 
~RDSIES 
RD8.2EW,9.1EW 





Variable Attenuator 

FM Radio/VHF TV Tuner Tuning 

FM Radio/VHF TV Tuner Tuning 
VHF/UHF TV Tuner Variable Attenuator 
VHF/CATYV Tuner Tuning 

VHF/UHF TV Tuner Variable Attenuator 
VHF/UHF TV Tuner Variable Attenuator 
UHF Band Tuning (NEW DEVICE) 

UHF Band Tuning (NEW DEVICE) 

UHF Band Tuning (NEW DEVICE) 

VHF Band Tuning (NEW DEVICE) 

VHF Band Tuning (NEW DEVICE) 

VHF Band Tuning (NEW DEVICE} 


Constant Voltage 
Constant Voltage 
Constant Voltage 
Constant Voltage 
Constant Voltage 
Constant Voltage 
Constant Voltage 
Constant Voltage 


Constant Voltage 


VHF/UHF Double Balanced Modulator 

VHF/UHF Double Balanced Modulator 

VHF/UHF Double Balanced Modulator 

VHF/UHF Double Balanced Modulator 

VHF/UHF Double Balanced Mixer (NEW DEVICE) 
VHF/UHF Single Balanced Mixer (NEW DEVICE) 


Constant Voltage, Constant Current, Clipper, Limiter, Surge Clipper 
Constant Voltage, Constant Current, Clipper, Limiter, Surge Clipper 
Constant Voltage, Constant Current, Clipper, Limiter 


Constant Voltage, Constant Current, Limiter, Surge Clipper 


Constant Voltage, Constant Current, Limiter, Surge Clipper 





997 
1000 
1002 
1004 
1006 
1006 
1010 
1012 


1014 — 


1016 
1018 
1020 
1022 


1024 
1024 
1024 
1024 
1024 
1026 
1026 
1026 
1026 
1028 
103C 
1032 
1034 
1036 
1038 


104C 


1054 


1061 


1066 


1072 


XI 


Type No. Use 


BZY88-C2V7 


Constant Voltage, Constant Current, Clipper, Limiter, Surge Clipper 
~BZY88-C33 
SD113 FM Radio/AFC 
S$D115 | FM Radio/AFC 
SD116 | FM Radio/AFC 





SD117.* FM Radio/AFC 
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fa 


QUICK REFERENCE GUIDE FOR PLASTIC MOLDED TRANSISTORS 
FOR PORTABLE RADIO & STEREO TUNER DEVICES 


Application 


FM RF Amo. 


FM MIX., CONV. 








AF Low Noise Amp. 


AF DRIV. 


Power Amp. 









ee 










SST Mold 
Type No. 
25K 193 
25C2786 


28C2786 
25C2787 







2a /8/ 








25C2787 






2SA1174 
25A1410 
25C2784 


25A11/5 
25C2785 
25C3623/A 





| 
| 


2SB810 
2SB811 
2SD1020 
2SD1021 


| 
| 


eee ee, 


25B811 
2SD1021 | 


| 
} 









~ 2SC1675 
2$C2000 


2SA990 
25A991 
25A992 
25C+842 
2SC1843 
25C1844 
25C1845 


2SA733 
2SAQ987 
2SA988 
2SA1409 
2$C923 
2SC945 
2SC9450 
2SC1840 
2SC1841 
2$C2000 
2$C3622/A | 


2SA915 
2SA916 
2SA952—C! 
2SA953 

2SA954 

2SC1940 
2SC1941 
2SC2001 
2SC2002 
2SC2003 
2SC3209 








2SB564 
2SB605 
2SB733— | 
2SB734 
2SB984 | 
2SD471 | 
2SD571 
2SD773 
9SD774 
2$D1312 





EIAJ Standard Type No. 


2541005 | 
28C1674 


2SC2786 2SC1674 


-2S8C1674 
| 2SC1675 


25K505 
2SK507 


2SK68A 
25K 162 
25K163 
2SK194 
25K523 
25J44 

28545 


25K 105 
25K514 







NEC Original 
Type No. 


JE9016 
/  JEQ016 


| JE7001 
| JE9016 
| JE9018 


9SK104 | 


| 28¢1675 | 2SK104 


JE9011 





uPA68H 
uPAT4HA 
EPA/5HA 


JE9014 
JE9015 
JE9023 
JE9033 
JE9043 


uPAT6HA 
uPA77HA 


| JE9012 
JE9013 


| 

JE8050 

| JE8550 
JE9112 

JE9113 

| 


1SV5O(1) | 


ISVBOS = SD115 
1$2207(8) SD116 
SD113. SD117 














FOR TV TUNER DEVICES 


as i ie TYPE No. | _ 
APPLICATION a 
EIAJ STANDARD NEC ORIGINAL 


3SK74 

38K122 

2S5C606(B) 

28C1393 

3SK87A 

SSK88A 

3SK123A 

35K 124 

3SK161 

25C605(B) 

2501394 JE7001 
29C1730 | JE9018 
2SC2502 

28C1070(1) 

28C1070(2) 

25C2353 

25C3544 

13516 

ND547R-3R 

ND5477-3R 


 2SC287A(B) JE7001 
98C1730 JEQOIS 
9SC288A(5-B) JE7001 
2$C1730 | JE9018 


1SV50 
15V50(1) 
1$2209 (B} 
1SV184 
1$V190 
1SV208 
1$2208(B} 
1$V175 
1$V176 
1$V183 
1$V508 
1$2207(B) 
1$2222 
185103 
15V80 
AGC Di (VHF/UHF) 1SV156 
1SV157 


TUNING Di 


AFC Di (VHF/UHF) 


BAND SW Di (VHF/UHF) 





FOR SWITCHING DEVICES 






SWITCHING TIME (try oF ‘so 








APPLICATION 























1$9653 1SS53 
: 1$964 1SS54 
1S965 1SS55 
seit bation 1$$202 1$$205 
1$$202(1) 1$$206 
1$$203 


1SS207 


NT2907 | 2N4402 
NT2907A 2N4403 


158204 


2SA1206 
(~ 40 ns) 
2SA1459 
(~ 40 ns) 


25C2901 
28C3732 
NT2369 
NT2369A 


10 mA 
SWITCH 








SWITCH NT2222 
NT2222A 
2N4400 
| 2N4401 

500 mA a ee 2SA1460 


RESISTOR BUILT-IN Lb dairhatancl aed 


SST Mold Type No. | NEC ee Type No. 
[k&2] 


| T0-92 (E AJ Standard Type No.) 


AN1L4M 


ANTF4M 


ANTA4M 


AN1A4P 
ANTF4AN 
ANIL4L 


ANIL3Z 


AA1L4M 
AA1F4M 
AATA4M 
AA1TA4P 
AAIF4N 


AAITL4AL 
AA1L32Z 


(equivalent circuit) 


BN1L4M 


BN1F4M 


BN1A4M 


BN1A4P 
BNIFAN 


BN1L32Z 


BA1L4M 


BAIF4M 


BA1A4M 


| BA1A4P 
| BA1F4N 
BNiL4L 

| BA1L3Z 


BATL4L 


JE9215 


| RANK C | 
| JEQ215 | 
RANK B | 


JE9215 
RANK A 


JE9214 
RANK C 
JE9214 
RANK B 
JE9214 
RANK A 





QUICK — TABLE FOR PLASTIC MOLDED TRANSISTORS 


2ShGRa 
25K105 


254163 
250523 


254985 
25a 
250 1Er 


| SSK124 


2541175 | 
2803785 


2h4129 
2h4125 


250564 
| 250471 
| FSK879 


JEBOSO 
JE8S50 
JES112 
JE9113 


JE9143 





“Darlington Transistor 
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NEC SEMICONDUCTORS 


The development of NEC semiconductor electronic 
components has its beginning in the copper oxide 
rectifiers ventured in 1928, which were followed by the 
development of selenium rectifiers, microwave silicon 
diodes, and glass sealed mini-type diodes. And, in 1956 
several types of germanium transistors were commercial- 
ized, 

At this time, several high reliability types had already 
been established for communication and industrial use. 

Since then, efforts for the advancement and improve- 
ment of semiconductors have been exerted on the 
following points: 

(a) Improvement of high frequency characteristics. 

(b) Increase of power handling capacity. 

(c) Increase of reliability. 

(d) Lowering of cost. 

In pursuit of the above aims, from early times our 
company perceived the value of silicon and advanced 
research along this line. In 1959, our company an- 
nounced the production of super-grown silicon tran- 
sistors for communication and industrial use. This was. 
followed by the manufacture of superior products by 
the introduction of planar and epitaxial techniques and 
the providing of an abundant series of products. 

Though, recently, there are semiconductors which 
employ material of the GaAs family, nearly all of the 
principal products of our company employ silicon. 
Application in the high frequency field of these semi- 
conductors extends to several GHz, and power tran- 
sistors of 200 W power handling capacity have been 
commercialized. 

In addition to the silicon planar process, semicon- 
ductor surface passivation and packaging techniques 
unique to our company have been established resulting 
in remarkable improvement of reliability. Ultrahigh 
reliability products for use in underseas cables, rocket 
borne equipment, electronic exchangé equipment, 
microwave repeaters, etc. have been realized, and the 
techniques for making these products have been widely 
adopted for communication, industrial, and domestic 
products. 

On the other hand, with the improvement and 
advance of characteristics, efforts have paid to rapidly 
lower the cost of products and progress has been made 
in the realization of more better products at a more 
lower price. What should be noted in particular is that 


the completion of a micro-disk transistor production 
line in 1963 enabled’ silicon transistors, which up to that 
time could only be produced at the price of communi- 
cation or industrial use transistors, to be supplied ata 
price competitive with germanium transistors for use in 
such domestic equipment™as radio and television sets. 
This caused. the transistors used in domestic equipment 


to be largely changed to silicon transistors, and can be 


said to have formed the basis of the coming IC age. 


1. KINDS OF SEMICONDUCTOR PRODUCTS 

MANUFACTURED BY NEC. 

In order to answer to the widesread needs of our 
customers, our company markets an_ extremely 
numerous variety of semiconductor products. When 
roughly classified, these are as follows: 


-DIODES 


* Germanium diodes (point contact type, gold bonded 


type). 

silicon diodes (point contact type, Schotty barrier 
type, epitaxial-planar type). 

PIN diodes (for modulation and switching). 

Snap-off diodes (for switching, waveform shaping, 
and frequency multiplication). 

* Maractor diodes (for frequency multiplication, tuning, 
AFC, and parametric amplification). 

Gunn diodes (for microwave oscillation). 

Impatt diodes (for microwave oscillation). 

* Zener diodes. 

* Varistor diodes. 

Trigger diodes (for thyristor trigger} 


TRANSISTORS. 

* Junction type transistors (alloy, base diffusion, 
planar, epitaxial-planar, mesa, epitaxial, and triple 
diffusion types). 

* Junction type field effect transistors. 

* MOS type field effect transistors. 

* GaAs schottky barrier type field effect transistors. 


OPTICAL APPLICATIONS. 

* Light emitting diodes. 

* Phototransistors, photodiodes. 

* Photocouplers, photointerrupters. 
* Numeral display elements. 

* Symbol display elements. 

Solar cells. 


SYOLONGNODINAS DAN 


RECTIFIERS & THYRISTORS 
* Silicon rectifying elements. 
* Rectifier stacks. 
* Thyristors. 
* Thyristor gate elements, gate ICs... 
Among the above, when the transistors are classified 
in more detail they become as follows: 
@ Signal transistors for communication and industrial 
use. a P 
Power transistors for communication and industrial 
use. 
Transistors for microwave use. 
High frequency high power transistors. 
Mini-mold transistors. 
Molded transistors. 
Micro-disk transistors. 
Power transistors for general domestic equipment. 
Junction type field effect transistors. 
MOS type field effect transistors. 
[ N channel depletion type 
P channel enhancement type 
N channel dual gate type] 
® Composite elements. 
Junction type transistors: 
[Dual, triple, and quad NPN; dual PNP.] 
MOS type transistors: 
[N channel dual; P channel dual. J 


2. NOMENCLATURE OF SEMICONDUCTORS 


JIS nomenclature, 

Among semiconductor products, the nomenclature of 
transistors, diodes, rectifier elements, and thyristors is 
established by JIS-C-7012 of the Japanese Industrial 
Standards. This system if called the JIS nomenclature, 
but since the business of registering the name and 
specification of these semiconductors is handled by the 
Electronic Industries Association of Japan it is some- 
times referred to as the EIAJ nomenclature. The JIS 
nomenclature is composed of the following characters 
and numerals, arranged in a manner so that the polarity 
and outline of the use of the product can be known. 

Ist term 2ndterm S3rdterm 4thterm 5th term 


[numeral | (character | [character ] [numeral] [character | 


The 1st Term Numeral. 

0 is used for the numeral of the 1st term, for photo- 
transistors, photodiodes and composite elements 
including such diodes and transistors. In other elements, 
when the number of effective electrodes is n, the 
number n-1 is used for the numeral of the 1st term. That 
is to say, for a 2 electrode elements such as a diode 1, 
for a 3 electrode transistor 2, and for a 4 electrode 
transistor 3 is used. In the case of composite elements, 
the element with the most numerous electrodes is taken 
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and, similarly to the above, when the number of 
electrodes of this element is n the numeral of the Ist 
term shall be n-1. r 

In the above case, since shield lead wires and 2 or 
more lead wires coming from the same electrode are not 
counted as effective electrodes, the number of effective 
electrodes and the number of lead wires may not nece- 
ssarily be the same. 


The 2nd Term Character. 
S is employed, in order to indicate that the product 
is a semiconductor. | 


The 3rd Term Character. 

This character is deleted, when the 1st term numeral 
isOor 1. 

When the numeral of the 1st term is one or more, in 
order to make the polarity and outline characteristics of 
the element known, one of the following characters is 
used for the 3rd term. 


A...... High frequency PNP transistors. 

Bis aie G4 Low frequency PNP transistors. 

Pe eekee High frequency NPN transistors. 

Dee ae ~ Low frequency NPN transistors. 

Bee seen Esaki diodes. 

be o oe & Thyristors. 

(Se ek a Gunn diodes. 

Pigs sees Single junction transistors. 

) oe P channel field effect transistors. 

Ds a me 4 N channel field effect transistors. 

| ee Bidirectional thyristors. 

Ll a hae 2 Light emitting diodes. 

fieets 4% Rectifying diodes. 

Chia. te he a . Small signal diodes. 

te caewy Avalanche conduction diodes. 

WP cae be Variable capac ty diodes, PIN diodes, 
Snap-off diodes. 

Ss ms he Zener diodes. 


However, in the case of diodes some products still 
remain that have been registered under the old system, 
in which the 3rd term character is deleted and the type 
name isin the form of 1SOO. 


The 4th Term Numeral. 
A number which is attached in accordance with the 
order of registration, that starts at 11. 


The 5th Term Character. 

This character indicates improvements from the 
original form. This character is not attached to the 
original form, but is attached to improved models 
employing the capital letters A, B, C, D, E, F, G, H, J, 
K of the alphabet in the order of the improvements. In 
the case improvements are made, the improved model 
shall be compatible with the preceding model, though 
compatibility in the opposite direction is not necessarily 


requirec., 

In the case of diodes, when the letter M is used for 
the 5th term it indicates that the element is a matching 
couple, and when R is used that the polarity is reversed 
while the exterior and electrical characteristics are the 
same. 


[Example] 
28 C 138A 
=) | | ‘—Improved model of 2SC132 


Number determined by order of reais- 
tration (The 138th element registered) 


——— High frequency NPN transistor 

—_—— Semiconductor product 
——————_— 3 electrode element 

In addition to the above, with no bearing on the JIS 
nomenclature, a character or number in ( ) is sometimes 
used as a 6th term to indicate that the specification is 
that of a specific customer. 

() ... NHK standard type (example - 2SC594(N) } 


M.... Defense Agency Maritime General Staff 


approved (example : 2SC68-M) 


) 


(S) One of the several (S)series types established 
for industrial measurement (example 
2SD188@0) 

(numerals)... .Established for specific customers or 

applications. Attached sequentially 


from (1) in order of establishment. 
(example : 25C653(1), 1S306(3)) 


JEDEC Nomenclature. 

Some transistors and diodes employ the JEDEC 
nomenclature. This a nomenclature adopted by the EIA 
(Electronic Industries Association of America), and is 
called the JEDEC nomenclature or EIA nomenclature. 

The composition of numerals and characters of the 
JEDEC nomenclature is approximately the same as that 
of the JIS nomenclature, except that the character N Is 
used for the 2nd term and there is no classification by 
a 3rd term character. 

Examples of JEDEC nomenclature are shown below. 

Example of a transistor : 2N5/62 
Example of a diode - IN23G 

Semiconductors bearing JEDEC nomenclature exist 
because, giving consideration to interchangeability with 
American products, the original American manufac- 
turer’s specification and nomenclature were adopted 
without change when such semiconductors were first 
produced, or after commercialization such semicon, 
ductors became widely popular and the JEDEC nomen- 
clature has been continued to be used. 


NEC's original Nomenclature. 
Some diodes and optical semiconductor elements 





employ a nomenclature original to NEC. This nomen- 
clature consists of a prefix of ? or 3 alphabet characters 
followed by a numeral and character. As shown in the 
table, the prefix indicates the use and structure of the 
element. 

NEC Nomenclature 


Prefix * Use & Structure ee 
AD Impatt diode AD6G11 
GD Gunn diode GD408A 
GH Germanium mixer diode GH1D 
PH Phototransistor PH201A 
PS Photocoupler, photointerrupter " P§$2001 
RD Zener diode RO2,0E - 
SD Small signal diode SD13 
sal Infrared light emitting diode SE301A 
SG Green light emitting diode SG?203D 
SH Point contact type silicon diode SH5A 
Shu Schotty barrier type GaAs mixer diode SM153 
SF Red light emitting diode SR103D: 
SY Amber color light emitting diode SY403D: 
o¥ silicon varactor diade SV87D 


3.SIGNAL TRANSISTORS FOR DOMESTIC 
EQUIPMENT. 


Signal transistors for domestic equipment have been 
designed for use in radios, transceivers, television sets, 
tape recorders, audio stereo equipment, etc., and can be 
classified into the following product groups according to 
their packaging. 


Disk-molded transistors. 
Plastic molded transistors. 
Metallic case transistors. 

The product groups have been designed to meet 
various individual applications, and will display high 
performance when selected appropriately for the 
purpose. 

Disk-Molded Transistors. 

Disk-molded transistors have been developed, by fully 
utilizing the superior high frequency characteristics 
(such as low interline capacitance and lead inductance} 
of conventional microdisk transistors, for supplyinc 
products of low price and high quality. Furthermore, 
they can substitute conventional microdisk counter- 
parts. For UHF band, types 2SC1070(B) for RF stage, 
2$C2353 for mixing stage, and 2SC288A(5*B) are 
available. For VHF band, a dual-gate MOSFET 385K 7/4 of 
superior high gain and low noise is available for RF stage 
as well as other types for various uses. 


= 


¢ 


Plastic Molded Transistors. 
Plastic molded transistors are transistors which are 
sealed employing epoxy or silicone type plastics in place 
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of the metallic cases used formerly. Through the auto- 
mation of production lines and the lowering of material 
costs, they are mass produced at low cost and, today, 
almost all domestic equipment use these transistors in 
large quantities. 

At present, according to their manufacturing method 
plastic molded transistors are roughly divided into the 
following kinds. 

* Transfer method. 


* Casting method. - 
* E-pack method. 


Potting method. 

Among the above, at first our company undertook 
production employing the E-pack and casting methods, 
however, with the aim of improving productivity and 
reliability, the transfer method has been adopted today. 
The transter method consists of assembling the semicon- 


ductor element on a so-called lead frame, which corre-. 


sponds to the stem of a metallic case, and then molding 
the semiconductor to shape by forcing the plastic under 
pressure into a metal mold. In performing this method, 
giving consideration to the effect that the plastic will 
have on the electrical characteristics, humidity re- 
sistance, flame retardancy, and other internal elements 
of the semiconductor, our company employs an epoxy 
plastic of selected quality. 

In general, the failure mode of plastic molded tran- 
sistors will differ as a matter of course from that of 
hermetic sealed transistors. The greatest difference is 
in humidity resistance. Humidity resistance depends 
greatly upon the quality of the plastic, absorption of 
moisture by the plastic will bring about an increase in 
leakage current, and when the moisture reaches the 
internal elements the characteristics of transistors will! 
be degraded and in extreme cases will cause open circuits 
due to the melting of electrodes of the elements. In the 
transfer method of our company, because the plastic 1s 
injected under pressure to be molded the density of the 
plastic is high and, also, the hygroscopicity of the plastic 
itself is superior to that o 
in order to facilitate manufacture it is necessary to make 
the parting of the plastic and metal mold good, therefore 
attention must be paid to the adhesion between the 
leads and plastic. In regards to this point, epoxy which 
has superior adhesion to metal among plastics has been 


other methods. However, 


adopted, and humidity resistance is ascertained Ey 
performing the following tests. 
(1) Pressure cooker test. (125 C at 2 to 3 atmos.) 
(2) Boiling test. (100 °C) 
(3) High temperature high humidity storage. (60 °C. 
95 %} 
In addition, since in regards to flame retardancy a high 
reliability flame retardant plastic that satisfies UL 
standards has been adopted, these transistors may he 
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used with reassurance, 

Plastic molded signal transistors for dornestic equip- 
ment are sealed in either EIAJ Form SC-43 (JEDEC 
Form TO-92) or semipower. type packages. Product 
series of these transistors are provided in an abundant 
variety including NPN and PNP types and FETs, which 
cover all uses fram UHF band oscillators to low fre- 
quency output (PT = 600 ~ 800 mW) enabling kits to be 
made up for use in nearly all domestic equipment. In 
addition to the above, as a special type, ultra small size 
mini-mold type transistors have been commercialized. 
These mini-mold type transistors are unique products of 
our company which were first developed in Japan for 
use in hybrid ICs, and recently they have begun to be 
used in large quantities in place of transistors employing 
conventional chips. Product series of mini-mold tran- 
sistors are provided in a complete line of NPN and PNP 
type transistors, FETs, and diodes for such uses as UHF 
— HF band amplification, switching, low frequency 
amplification, and output. This enables their application 
to a wide variety of hybrid |Cs and small equipment. 





Plastic Molded Power Transistors 

Our high Voltage, high speed switching and darlington 
power transistor series have been designed for use in 
regulators, DC-DC converters and power 
amplifiers, etc. They are sealed with epoxy resin mold 
are mechanically compatible with TO-220 types anc 
are precisely molded from top to bottom with new 
epoxy resin that features higher thermal conductivity. 
They make the mounting manhours much less by 
eliminating insulation sheets and washers. And they 
permit higher density mounting by providing superior 
insulation from nearby devices. 


switching 


4, FIELD EFFECT TRANSISTORS. (FETs) 


FETs are elements having an operating mechanism, 
similar to vacuum tubes, of voltage controlling the 
majority carrier. According to the kind of composition 
of the electrode (gate) exercising the voltage control, 
FETs are divided into junction (J FETs), Schotty barrier 
(SB FETs), and MOS (MOS FETs) types. 

FETs have features such as high input 
impedance, low noise, low distortion, good intermodula- 
tion and AGC characteristics and, in addition, since they 
are majority carrier elements they are basically suited as 
high frequency, high speed elements. MOS FETs of both 
N and P channel types have been commercialized, with 
Ips—VGs Characteristics of either the enhancement or 
depletion type. Suitable combinations of these FETs 
perform important logical functions, and form the 
basic elements of MOS ICs. 

According to their use, the product series of single 
unit FETs are compiled into those for signal, audio, and 


many 


microwave use. MOS FETs or J FETs are employed for 
signal or audio use, and GaAs SB FETs have been 
adopted for microwave use. 


Signal Field Effect Transistors. 

signal FETs were first developed to provide charac- 
teristics that could” not possibly be realized by bipolar 
transistors, such as the high input impedance and low 
noise characteristics desired by the instrumentation 
‘tteld and the wideband, low distortion and noise charac- 
teristics desired by the communication field. However, 
with the lowering of manufacturing costs, the features 
of signal FETs begun to be utilized in domestic equip- 
ment, and at present products for use in domestic 
equipment have became more numerous. 

Communication and industrial signal FETs are of a 
high reliability design that employs metallic cases and, 
in addition to a strict quality assurance system, through 
the improvement of characteristics the life cycle of the 
products have been extended permitting long term 
continuous production. 

The first signal FET developed for domestic use was 
the micro-disk 2SK3/7 announced in 1969. Following 
this, the development of products to meet various uses 
was continued and, recently, the recognition of the 
merit that due to their characteristics circuit com- 
ponents can be economized together with the lowering 
of costs has caused these FETs to be used in large 
quantities. Today, signal FETs of the MOS type for 
UHF and VHF use to junction types for audio use are 
being manufactured. In particular, in the case of 
junction type FETs the gate structure has been made 
into a mesh form to attain high gm. Furthermore, 
through the completion of a set-up to supply these FETs 
at low cost by mass production, still more efforts are 
being made to popularize these FETs. 


5. DIODES 


Diodes, though being bi-terminal elements of the 
simplest configuration among semiconductor devices, 
have been diversified in use and structure and a lot of 
types of them are produced. Here, descriptions will be 
given of mass-produced diodes of conventional types 
other than those for special purposes. These diodes are 


classified by their usages as follows: switching, detecting, 


maintaining constant voltage or rectifying, and mixing 
diodes, as well as variable capacitance diodes having 
rather wide range of use. 

Switching diode is one of types which are produced 
in the largest quantity. This diode can be commonly 
used not only for switching in logical circuits that 
require rather small power and in core drivers with 
several hundreds milliamperes but also for detecting and 


rectifying. Both germanium and_ silicon series are 
available, but, for economical and stability reasons, 
germanium diodes are regarded as types for repairment/ 
types to be discarded and silicon diodes will be the main 
stream. 

These silicon diodes undergo the diffusion of gold 
during chip processing for killing lifetime, thus they have 
faster switching speed, particularly for reverse recovery 
time (trr), by 1 or 2 orders than ordinary products and 
they have improved forward rise-up characteristics, too. 
The commonly used structure is so-called DHD (Double 
Heatsink Diode) which provides heat sinks on both sides 
of chip and sealed with glass. In spite of the small size, 
this structure allows large power consumption which 
results in a high reliability in cooperation with the 
Stabilization processing given to the chip surface. In 
addition, various special switching diodes are produced, 
including line switcher diodes with very low series 
resistance and interterminal capacitance and level shifter 
diodes with increased forward voltage by means of 
stacked chips. 

Mixing diode is principally used in mixer of TV UHF 
tuner. Since, in this use, the circuitries work frequently 
on direct conversion systems, the diodes are designed 
paying attentions to noise characteristics, strength 
against pulsive breakdown and conversion loss, and the 
inner capacitances of diode are reduced as far as possible 
in order to avoid any possible trouble when diodes are 
mounted on the tuners. Their structures may be 
classified into point contact and Shottky barrier types. 
Recently, the series of production type are the Shottky 
barrier types because of their advantage in noise charac- 
teristics, pulse breakdown strength and anti-shock 
feature. 

Variable capacitance diode is used in reverse voltage 
application. Therefore, unlike detector diodes where 
forward characteristics are essential, the substantial 
characteristics of this diode is reverse characteristics. 
The important points in the design of the diode are 
inner capacitance variation ratio, reverse current, and 
reverse inner resistance when reverse voltage is applied. 
For consumer use, the diodes are chiefly used in TV 
tuners and FM tuners. Being used in tuning circuits at 
high frequencies, and their Q valves being of much 
importance, much care is taken of the mold material of 
the diodes. Because the necessary capacitance and 
capacitance variation ratio depend on the circuit that 
uses the diode, a variety of types are available that suit 
to the usages. 

When the diode is used in a circuit, the reverse voltage 
is applied through a high resistance that also serves as a 
by-pass, and even a slight amount of reverse current may 
influence the characteristics because of the voltage drop 
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across the high resistance. Therefore the diodes are 
designed to have structure that can suppress reverse 
current and temporal variation as much as possible. 
Zener diode is used in voltage regulator and other 
circuits for constant voltage, constant current, clipper, 
clamp and surge clipper. In the NEC, zener diode chip, 
the peripheral portion of the P-N junction has a 
double diffusion structure. One junction is main 
junction and -the-other junction is guard ring. Guard 
ring is diffused borde of main junciton for stabilized 
silicon surface. Therefore, the current-voltage character- 
istic of zener diode has a sharp transition potential 
and a flat current plateau above breakdown. The 
breakdown Is not destructure, however, unless the power 
dissipation is allowed to increase the temperature to the 
point where local melting destroys the semiconductor. 


6. CAUTION ON TREATMENT 


The semiconductor devices listed in this data book were 
all designed under sufficiently minute scrutiny, and 
manufactured under perfect quality control. However, 
in order to preserve all the characteristics and the best 
use of them over a long period of time the following care 
should be observed upon the treatment. Also, for further 
details on what listed here refer to technical application 
notes. 


ON DESIGNING 

Firstly, it is important to select semiconductor devices 
whose rating can adequately afford great allowance for 
the estimated voltage, current, and temperature condi- 
tion, etc. The greater the allowance the more chances of 
failure can be avoided when using. For components 
requiring higher reliability, it is advisable that industrial 
used devices for that purpose be used. 


ON TEST AND INSPECTION 

Pay attention to noise caused by inspection machines on 
transistors and diodes for small signal use, and on ultra- 
high frequency devices. In particular, the entering of 
voltage surge from commercial supply may result in 
destruction or deteriorating characteristics of devices. 
Great care is also required as failure may occur on high 
frequency devices by applying reverse voltage. 


ON TRANSPORTATION AND STORAGE 
Semiconductor devices should be housed in near room 
temperature, dry places, if possible, as surroundings of 
high temperature and high humidity are not suitable 
for them. Field effect transistors and Schottky barrier 
diodes are also needed crotection against static electri- 
city. As these are carefully packed in alluminum foil, 
the same care should be taken in handling them prior 
to installing in the device. 


ON MANUFACTURING PROCESS TREATMENT 
It is of particular importance to preserve the reliability 
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of semiconductor devices in treatments during the 

manufacturing process. In short, mechanical, thermal, 

electrical, and chemical stresses should not be allowed 
to apply to them if possible. Following are listed the 
major cautions. 

®@ Installing: Bending or forcedly pulling transistors and 

diodes from the bases of their leads may result in the 
deprivation of airtightness or in deterioration of 
characteristics. 
Great care is needed when designing the lead forming 
and the printed-circuit board so that stress on the 
lead will not remain after the hermetically sealded 
glass package diodes have been installed. 

@ Soldering: Flux of rosinous nature is suited. Inorganic 
fluxes, such as chloride, are considered 
poisonous. In general, make sure to perform the 
soldering over 1.5 mm distant from the base of the 
lead, and have it done in a shortest possible. Care is 
also required as warp caused by solder on the printed- 
circuit board may give stress to the components. 

It is under the condition that there will be no 
electrical leakage from the soldering iron and the 
soldering~bath. In particular, for field effect tran- 
sistors and ultra-high frequency devices, take care 
that perfect grounding of soldering tools is per- 
formed. 

The use of lead-cutter may also cause harmful effects 
on semiconductor devices. 

® Supersonic cleaning and the like: Be sure that the 
printed-circuit board with semiconductor devices 
installed on is cleaned with well-selected solvents. 
The surface of plastic molded devices can be de- 
formed by trichloroethylene or acetone. Carefully 
select the frequency and output in such a way that 
the bonding wire between components as well as the 
mounting parts are not affected when performing 
the recent widely-used supersonic cleaning method. 
It is also advisable that the sandblast, which is used 
for the same cleaning purpose, be avoided as it can 
damage the hermetically sealded glass package diodes. 

Above is a brief description of the general cautions. It is 
needless to say that great attention must be paid on 
many other details, which have not been listed above as 
they are considered commonsensical, when handling 
semiconductor devices. Also, for further information on 
each individual semiconductor device, refer to technical 
application notes or contact us directly. 
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SEMICONDUCTOR STANDARDS 


1. ABSOLUTE MAXIMUM RATINGS 

The ratings which are applied to semiconductor 
products are called Absolute Maximum Ratings and are 
defined as “The limiting values that must not be 
exceeded under any usage or testing conditions, and 
no two or more of these values must not be applied at 
the same time.” 

Absolute maximum ratings are given for voltage, 
current, power, and temperature, and are specified for 
continuous DC conditions at a temperature of 25 * 
However, recently pulse ratings have begun to be 
specified. 


VOLTAGE RATINGS 

Voltage ratings imply the maximum reverse voltage 
that may be applied between two electrodes, and is 
specified for the following items. 
1) Diodes 

@ Peak reverse voltage Vay: 

The peak value of the inverse voltage that may 
be applied. It is limited by the electron avalanche 
breakdown voltage. 

® DC reverse voltage Vp: 

The reverse voltage that may be applied con- 
tinuously. Usually, the inverse leakage current is 
specified at this voltage. 

2) Transistors — 
® Collector-base voltage VcpoO: 

The reverse voltage between the collector and 
base, when the emitter is kept open. Limited by 
the electron avalanche breakdown voltage of the 
collector-base junction. Electron avalanche break- 
down occurs when a field of over 10° V/cm is. 
applied to a PN junction. The carrier multipli- 
cation factor of the breakdown is given by the 


following formula. 
| = 
1 —(V/Vp)™ 
V: Voltage applied to the PN junction. 


Vp: Electron avalanche breakdown voltage. 


m: A constant determined from experience, in 
regards to which the relationship shown in 
Table 1 has been obtained. 


Table 1 





* The type of which Vg is to be determined 
is taken. (The type having higher specific 
resistance) 


® Emitter-base voltage VEBO: 

The reverse voltage between the emitter and 
base, when the collector is kept open. Limited by 
the electron avalanche breakdown or zener 
breakdown of the emitter-base junction. 

® Collector-emitter voltage VcFEO: 

Reverse voltage between the collector and 
emitter, when the base is kept open. Determined 
from the Vcgo and hfe. 

_ __YCBO 
YCEO" AT EREE 
m: Refer to the paragraph on Vc BO 
® Collector-emitter voltage VCER: 

The reverse voltage between the collector and 
emitter when the base and emitter are connected 
together with a resistor. Determined by BVcBpo 
and RpeE. 

Ti 
7 /, — ICBO (fh + RBE) 

VcER=VCBO Vv! Vee 
VTe: The forward threshold voltage between 

the base and emitter. About 0.5 V for Si. 


@ Collector-emitter voltage VcCEs: 


The reverse voltage between the collector and 
emitter, when the base and emitter are shorted 
together (Ree = 0), 


anne 
ICBO"Tb ~ 


m 
Vces=VcBo V1 - Vig VCBO 
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Fig. 1 


@ Collector-emitter voltage VcEXx: 


The reverse voltage between the collector and - 
emitter, when the base-emitter is reverse biased 
through a resistor. 


e ICBO (rp + Ree) 
VCEX = VCBO tS  VTE+VBB 


CollectoFemitter voltage VCEC: . 

The reverse voltage between the collector and 
emitter, when the base-emitter is reverse biased 
(Ree = 0). 


m/  — IeBortb 
VCEV = VCB 1 —- ———— * VCBO 


| VTE +VBB 


Generally, this is expressed as VCE x. 
The relationship between these ratings is, general- 
ly, VcBO © VcEv © VcEs > VCER > VCEO 
and when shown as voltage-current character istics 
have the relationship shown in Fig. 1. 





V 
Relationship of Collector Withstanding Voltages. 


3) Field Effect Transistors (FETs) 
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® Gate-source voltage Voss: 


The voltage between the gate and source, 
when the drain and source are shorted. This 
voltage is limited by the electron avalanche 
breakdown in junction type FETs, and by the 
breakdown voltage of the gate insulating film in 
insulated gate type FETs. In FETs, since the gate 
input impedance is extremely high breakdown 
may occur even from static electricity, therefore 
great care should be exercised in their handling. 
Gate-source voltage VGsSoO: 

The voltage between the gate and source, 
when the drain is kept open. | 
Gate-drain voltage VGps: 

The voltage between the gate and drain, when 
the source and drain are shorted together. Appli- 


cable to junction type FETs only. Limited by the 
electron avalanche breakdown of the gate-drain 
junction. ; 

@ Drain-source voltage Voss: 

The voltage between the drain and source, 
when the gate and source are shorted together. 
Applicable to insulated gate type FETs only. 
Limited by the drain-substrate junction electron 
avalanche breakdown. 


® Drain-source voltage Vpsx: 

The voltage between the drain and source, 

when a cutoff voltage is applied between the gate 
and source. 


CURRENT RATINGS 

Current ratings mean the maximum current that can 
be passed through any electrode. Current ratings are 
determined by either the electrical characteristics of 
the device, or the Current carrying capacity of the 
internal cofinecting wires or the lead wires of the 
package. 
1) Diodes. 

@ Peak current IFNy: 

Limited by the power rating. Current up ta 
this value may be repeatly passed through the 
device. 

@ Average rectified current 10: 

The average value of the forward current, 
when a sine wave is rectified. DC current of this 
value may be passed continuously. 

® Surge current !F (surge): 

The current that may be instantaneously 

passed within a specified time. 


2) Transistors 
® Collector current Ic: 

Hitherto, the definition of the collector cur- 
rent rating has been somewhat obscure. How- 
ever, in the 6th Semiconductor Technical Com- 
mittee of EIAJ of 1972, on the premise that the 
collector current should be considered from the 
standpoint of initial assurance of the absolute 
maximum ratings, a tentative opinion of the 
definition of the collector current was.obtained 
as shown in Table ?. Therefore, our company 
specifies the collector current in accordance with 
this opinion. 


@® Basecurrent Ip: Base currents at which breakdown will not occur 


Generally, this current is not specified (It is are as follows. 
inevitably determined from the current ampli- For law power use (IC $1A) ... IBS Ic 
cation factor.). For high power use (IC > 1A)... Ip &1/2-I¢ 


Table ? 


a | 
| eae 


1. DC collector current 




























Interpretation Supplementary explanation 


a) Degradation of characteristics means 
that the standards for breakdown 
voltage, hFE, etc. are not satisfied 
when I¢ £IC(pulse)MAX. _ 

|b) The time that Ic is kept at ICMAX 

shall as rule be once for 5 minutes. 


_ Under a condition of Tj less than 
T|MAX,. breakdown or degradation 
of characteristics shall not occur 

when Ic S$ ICMAX. 














. The rating value shall be stipulated a) When the use is for switching, the 







under either of the following current shall not be restricted to 
conditions. 1/2 — 1/3 of its peak value. 
i) In the current characteristics of b) The following values shall be used as 










hFE, the current at which hfe rough indications for the lower limit 
drops to 1/2 — 1/3 of its peak of hfe. hFE 
value. - | hee = 10: 
ii) A current at which normal for Medium power. 
operation is not impeded, due to hee =3: IC 











dropping of the hFe. for high power, 


a 









2. Pulse collector current | 1. The pulse width and repetition a) Characteristic degradation is the same | 










frequency are designated according | as 1. (1) {a). 

to the use, then under these con- b) The time that I¢ is kept at IC(pulse) 
ditions and the condition that Tj is MAX shall be adequate for reading 
less than T)MAX., breakdown or the value of the current. 
degradation of characteristics shall c) The pulse width and repetition fre- 





not occur when Ic S IC(pulse) MAX. quency shall be designated. 





3) Field Effect Transistors TEMPERATURE RATINGS 

® Drain current Ip: The temperatures of the junction region and channel 
The current flowing through the drain, Usual- region (Tj and Teh) allowable under operating con- 
ly, is limited by Ipss in junction types (depletion ditions and the temperature range (Tstg) allowable for 
mode), and by the power rating in insulated gate storage are specified. These temperatures are mainly 
types. However, it shows the current at which determined by the materials of the semiconductor and 
breakdown will not occur, if current should flow package and assure that the failure rate will be under a 
due to static electricity or noise. certain value (differs according to the manufacturer) 
@® Gate current IG: when the devices are operated or stored at these 

The forward current flowing through the gate- temperatures. 


channel junction. Usually, since reverse bias is 


applied Iq does not flow. However, this is the = 
pp G | POWER RATINGS 
current at which breakdown will not occur, when , | | ase 
Due to the joule’s heat generated in diodes or 


forward biasing occurs due to static electricity | ee . 
transistors, the temperature of the junction or channel 


or noise. 
region rises. The sum of this temperature rise and the 


17 


ambient temperature signifies the power dissipation 
reached at the power rating. 
1) Diodes 

In the case of diodes, generally, the power rating is 
not specified. Since the major partion of the power 
dissipated in diodes is in a forward direction, the power 
rating will be inevitably determined by specifying the 
forward current. 
2) Transistors 

The collector power dissipétion, Pc, at an ambient 
temperature of 25 °C (free air), or case temperature of 
25 °C (with an infinitely large heat sink), or the total 
power dissipation, PT, (sum of collector and emitter 
power dissipation), is specified. 


Tit 
Pc= a (free air] 
Rth(j-a) 
Ti — Ta 
ss albedo (with an infinitely large heat sink) 
Rth(j-c) 


Ta: Ambient temperature, generally taken as 25 °C. 
Tc: Case temperature, generally taken as 25 "C. 


Rth(j-a): Thermal resistance from junction to surroundings. 


Rth(j-c): Thermal resistance from junction to case. 


Now, when temperature is considered analogous to 
electric potential, and thermal resistance analogous ta 
electric resistance, the above relationship can be 
expressed as shown in Fig. 2. | 






1, (TO-18: 76 °C/W ~ 
— 'TO-—5 :15~ 50°C/W 
intiel =~" T0-8 -9~5 °C/W 
ATO—3 :1~2 °C/W 
Te 


2 Rrp(|): Thermal resistance of insulating plate. 


> Rth(H): Thermal resistance of heat sink. 


TO-—18: 225 ~ 450 °C/W 
TO-5 :130~ 170 °C/w 
TO-8 :50~ 100 °C/w 
TO—3 :15~ 30 “C/W 


Fig. 2 (a) Relationship of Thermal Resistances. 
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Thermal resistance from case to surroundings. 


-F 


i | | 


... 1mm Al plate, with TO—5 Fiange 
2 mim Al plate, with TO—66 
.. lam Cuplate, wth TO=-3 
_. Thermal resistaice of volume 
enclosed by heat sink, 


fae 


2S ee) ee a ee 
nn _-_ J 
_ 
J 


plate and heat sink. — "C/w 


Rith(H) — Thermal resistance of radiator 





——e A — Area of radiator plate — cm? 


VY — Volume enclosegby heat sink — cr* 


Fig. 2 (b) Relationship of Radiator Plate Area and 
Thermal Resistance. 


3) Field Effect Transistors 

The total power dissipation, PT, is specified. 
SAFE OPERATING AREA OF TRANSISTORS. 

In the past, breakdown failures of power transistors 
occurred frequently when they were used in high power 
amplifiers having widely varying loads, or for the 
switching ofinductive loads such as encountered when 
driving relays. Since it becarne known that the cause of 
these breakdowns was related to secondary breakdown 
phenomenon, it has become necessary to introduce the 
concept of the Safe Operating Area as the maximum 
rating of transistors in place of the classical idea that 
transistor could be safely operated in the range of 
VCEMAX., ICMAX., and PTMAX.. 

1) Secondary breakdown phenomenon. 

As shown in Fig. 3, secondary breakdown is the 
phenomenon in which the voltage-current character- 
istics move, at a certain voltage and current, to a low 
impedance region with a speed of several ps or less, 
when the current is further increased after primary 
breakdown has occurred. Secondary breakdown differs 
in the following points from such primary breakdown 
phenomenon as electron avalanche breakdown. 


Curve after secondary breakdowr 


Locus of starting point of OC secondary breakdown 





it 
Sn 
5 
Primary as 
breakdown 
db a 
~ ak IN ' 
: | Ny j 
& a 
| ea = | % 
Sea ae ; 


Fig. 3 Primary Breakdown and Secondary Breakdown. 


(a) The secondary breakdown voltage shows an 
extremely low value, compared to BVcpo and 
BVCEO. 

(b) The characteristic of the movement to secondary 
breakdown is a~function of energy, and will change 
according to V, |, and t. But, as a primary approxi- 
mation, BVcgo and BVcEQ have no relationship 


‘ss with energy. The established theory is that 


secondary breakdown is caused by local thermal 
runaway brought about Ey concentrations of 
current, which are effected by pinch-in and fringing 
effects caused by a voltage drop in the transverse 
direction of the base region, or, defects of the base 
region, or, non-uniformity of the junction. 


VBE VCE VBE VCE 





Current concentrated in the 
circumference of the emitter. 
(a) Fringing effect (forward bias) 


Current cancentrated in the 
center of the emitter 
(b) Pinch-in effect (reverse bias) 


Fig. 4 Fringing and Pinch-in, 


2) Testing method of safe operating area. 

Testing methods for the safe operating area of 
transistors was included for the first time in the EIAJ 
standard “Transistor Testing Methods’ (SD-71, 4th 
edition), published in November 25, 1969. The above 
standard contains such testing methods as the latching 
method, over-the-hill method, transient thermal 
resistance measuring method, etc. However, since in 
some testing methods there is a danger of the transistor 
breaking down, our company employs the transient 
thermal resistance measuring method. For power 
transistors, Our Company conducts 100 % inspection 
with a pulse width of 200 ms or 10 ms and the 
specified bias applied. Through this inspection 
thermally unbalanced transistors and those with faulty 
chip mounting are completely eliminated. 

Next, the transient thermal resistance measuring 
method shall be described. This method, since 
secondary breakdown is caused by local thermal run- 
away brought about by concentration of current, 
utilizes the fact that when the junction temperature Is 
kept under observation some change will appear when 
secondary breakdown occurs. The forward voltage of 





the emitter-base junction, Vep, is observed as a 
measure of the junction temperature. 

In the measuring circuit of Fig. 5, when power is 
applied by opening and closing SW at the specified 
pulse width, Veg will become as shown in Fig. 6. 
VER? shows that the junction temperature rises due 
to the power applied, and VER, shows that the 
junction temperature drops when the power is 
removed. Since the temperature coefficient of VEpy 
will vary according to ‘the current, VER is taken as 
the measure of the junction temperature. 

(If the constant emitter current IF is amply small, then 
the temperature coefficient of Veg: AVep/T = 2 
mvV/°C) 


VERB Measuring terminal 


Ic 
measuring terminal 





Fig.5 Transient Thermal Resistance 
Measuring Circuit, 





Fig. 6 |Cc-VEB Waveforms. 


When VeEBp 1 is measured, the change in junction 
temperature and the transient thermal resistance can 
be determined. 


AVeB1 _ AVeEBI(mV) 


jo AVep/AT = 2(mv/°C) oe 


AT; 1 


et 
geet 


_ AVesi lm) 
APc  APc(W) 


2 (mV/°C) ore 








AR th = 


In this method, when the collector current Ic is 
kept constant and the collector voltage Vcp is 
increased, AVEB1, depend on Tj, should rise linearly. 
However, at high voltages hot spots appear where the 
junction temperature rises rapidly, as shown in Fig. 8. 
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Fig. 7 Input Characteristics 


| | PW = 100 me 
a Sn Oa Nikos! ; | 


_E——EE—EE—Eee 





Vem —¥ 


Fig.8 Dependence of VER 1 on Bias. 


Hot spots do not appear in low voltage regions, but 
since VEB1 = 300 mV (ATj = 150 °C) corresponds to 
Tj = 175 °C the safe operating area can be obtained by 
plotting this point. 

In this method, since measurement can be under- 
taken without making secondary breakdown to occur 
(hot spots appear as a forerunning phenomenon of 
secondary breakdown), the safe operating area can be 
measured without destroying the transistor. Therefore, 
the safe operating area obtained by this method is 
narrower than that obtained by the latching or over- 
the-hill methods. 

3) Method of specifying the safe operating area. 

Up to the present, our company has specified the 
safe operating area at the point where VeEp1 = 300 mV 
(ATj = 150 °C). This gave a safe operating area smaller 
than that given by other testing methods. Furthermore, 
we Could not give an exact answer, when inquiries were 
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received from customers as to how the safe operating 
area would be affected when the ambient temperature 
(case temperature) or repetition frequency was 
changed. Therefore, in the future our method of 
specifying the safe operating area shall be changed as 
follows. 


_WeiDe) MAX? | | | 
Sepreeses Sees ames eed Oe SE 


- A 


. The dissipation limit region should | 
be derated according to the case | 
temperature and duty cycle. ; 

. The S/b limit is for a single pulse. 
and shouid be derated accordina 
to the case temperature. 


ic — Collector Current 





Vee — Collector to Emitter Voltage — V 


Fig.9 Example of Safe Operating Area 


The safe operating area is specified by 4 elements, 
as shown in Fig. 9. 
* Region | 
Current limit. 

The region limited by the collector current 

rating. 

* Region || 
Dissipation limit. 

The region limited by thermal resistance (total 
dissipation). 

Limited by Rth(j-c) in the case of DC, and by 
transient thermal resistance AR, such as shown 
in Fig. 10 in the case of pulses. 

Furthermore, when the pulse width is 100 ms, 
in the majority of packages, 

Rth(j-c) = 4Rth(100 ms) 
Therefore, unless mentioned otherwise, DC 
means PW = 100 ms. 





Lt ttt +++ tet + + tee Vp = 10 ¥ | 
et tc = 2.0 
= Soak Gee BGA || ee ee nT mene duty = 0.001 
t)} 2 es ee | ft} , ee To kes se a i i 
i 
4 
0.001 "0.01 0.1 10 
PW — Pulse width — ¢ 
Fig. 10 Example of Transient Thermal 
Resistance Characteristics. 
* Region III 


S/b limit. 
The region limited by secondary breakdown. 
The temperature of hot spots is said to be the - 

temperature at which semiconductors become 

intrinsic (in the case of silicon: 600 °C). The 

breakdown of transistors is caused by the 
materials of the electrodes or mounting being 
melted by this temperature and diffusing into the 
semiconductor, Among these materials, the 
solder of the chip mounting has the lowest 
the S/b 


specified at the point where the junction reaches 


melting point. Therefore, limit is 
the melting point of the mounting solder. Speci- 
fically, these points are fixed as follows, 

For devices where Tj MAX. = 150 i 

——— the point at which VER, = 400 mV. 

(Y Tp = AT #T¢ = 225 CF 

For devices where Ti] MAX, =175 ge 

——— the point at which Veep, = 500 mV. 

(2 1) = ATj + Te = 275 °C) 

Furthermore, at the above temperatures the 
deratina factor against junction temperature is 
taken as zero, as shown in Fig. 11. 





(Note) When Tj > 25°C multiply the current 
100} — values of the safe operating area by the 
derating factor of these graphs. 


oe pon ao RE 
2) ‘y 
| Lim, | 









1 
. | 
= 40 - 
a 
20r— 
0 SS , 
oo 50 768100 1256 156 175 200 275 350 
Tj — Junction Temperature — 6: 
(b) When TiMAX, = 175 a 
| © {Note} When T) > 25 C multiply the current 
ove 7 i values of the safe operating area by the 
derating factor of these granhs 
a0 
= 60 
E 40 
GC 20} 
a | = 
: 25 680 765 100 125 150 175 200 225 250 275 300 
Tj — Junction Temperature —- Ke 
Fig. 11 Derating Curve for Safe Operating, Area. 


4) Method of utilizing the safe operating area. 

since the sate operating area is specified at a tem- 
perature of 25 °C, when the temperature is higher than 
this it is necessary to derate the safe operating area. In 
such case, the derating factor for the corresponding 
11 and the 
current values of the safe operating area are multiplied 


temperature is determined from Fig. 


by this factor. 





/ Vip =P*Rin(ti) + Ta 






qj Me PLR rit) — Rth(t—t1)! + Ta 
= t 
QO tl 
Fig. 12 Calculation of Junction Temperature 


When Pulse is Applied. 
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| 
| 
1 | 1 | 


t t | 
Tip = PI Ze Rtn +01 = — Rthitotta) — Rthlto) + Rrnit,)! + Ta 






0 tl 1? 13 14 th t6t7 : 
Ti(t1) =P Ren(t1) + Ta 
Tj(12) = P [Ren(e2) — Ren(r2—t1)! + Ta 
Tj(t3) =P CReh(r3) — Pen(tg—t1) + Rrn(tg—12)! + Ta 


Fig. 13 Method of Determining Junction Temperature 


When Power is Repeatly Applied. 


When the operating locus of the transistor is the 
dissipation limit region, surges may be repeatly applied. 
But, the frequency of application is determined as 
follows. When pulse power is applied the junction tem- 
perature will become as shown in Figs. 12 and 13, and 
if the peak value Tjn of junction temperature is less 
than the T]|MAX rating of the transistor, power may be 
repeatly applied. 

In the above Figs., Realty), Realta)-- > - Rth(to). 
and Rth(tp) are transient thermal resistances deter- 
mined from charts like Fig. 10. 

Furthermore, the S/b limit region is specified for 
single pulses only. Therefore, power may be applied 
again only after the heat generated by the applied surge 
has ample time to cool. 

In practice, confirming experiments should be 
conducted with the actual circuit under the worst 
conditions. For this reason, adequate confirmation 
experiments are conducted during the development 
stages of the transistors, which are 100 % screened 
employing AVER tests and high voltage discharge 
tests pertaining to TV. 


2. EQUIVALENT CIRCUITS AND 4 

TERMINAL PARAMETERS 

Equivalent circuits are useful for circuit design, 
since they closely correspond to the physical action of 
transistors and enable the characteristics to be grasped 
at a glance, however there are limitations to their 
application. Im order to escape these limitations, the 
idea has been born to consider transistors as black 
boxes and express their characteristics as 4 terminal 
parameters. 
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DEFINITION OF 4 TERMINAL PARAMETERS 


h parameter Y parameter 









ree hjij + hpVe = viVj +yrVo 
fig = hij + AeVg lo =y¢Vi t+ YoVo 


Z parameter § parameter 


Shere tses 7 Vr2 
ies Zili * 2r'o Vr1 = siVit + srVi2 
Vo= 2flj + Zolo Vero = sfV¥i1 + SoVi2 


T TYPE EQUIVALENT CIRCUITS 





B Common-base 





F Common-emitter 


Fig. 14 T type Equivalent Circuits (low frequency) 





Fig. 15 T type Equivalent Circuit (high frequency) 


HYBRID 7 TYPE EQUIVALENT CIRCUIT 


ImVb'e 





gle om 
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Fig. 16 


EQUIVALENT CIRCUIT OF MICROWAVE TRANSISTORS 
In. transistors having a gain-bandwidth product 

exceeding 1 GHz, parastic elements of the container 

cannot be disregarded and it is necessary to considered 


a equivalent circuit such as shown in Fig. 17. 
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Fig. 18 Expression by h Parameters 


Relationship between T type equivalent circuits. 


(low frequency) and h parameters. 
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Fig. 19 Expression by y Parameters. 


Relationship between-T type equivalent circuits 
(high frequency) and y parameters. 
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S parameters 

S parameters are mainly employed in microwave 
bands. These parameters have the advantages that 
measurement is easy because it is conducted with the 
input and output terminated with their characteristic 
impedance and, in addition, these parameters are 
convenient for the handling of the transfer and reflec- 


tion of waves. 
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3 eee 
311 “eee 0 : Input reflection coefficient 


. 52 , 
$21 = ay /a9 =0 : Forward transfer coefficient 
54 
$12 = a faz =0 — : Backward transfer coefficient 
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b 
S22 = ala = : Output reflection coefficient 


Relationship between equivalent circuit of 
microwave transistors and S parameters 
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Table 3 Mutual relationship between S, h, and y parameters 
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Table 4. Conversion of common-emitter and common-base 4 terminal parameters. 
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3. SWITCHING CHARACTERISTICS 

Generally, when a transistor is employed as a 
switching element, it assumes one of the states of ON 
or OFF. In order to be a ideal switch, a transistor 
should rapidly change the DC resistance between its 
collector and emitter output terminals from high 
resistance to low resistance, or vice versa, in response 
to a very small current injected into its control 
terminal. 

Here, a simple explanation of the large amplitude 
operation of transistors as switches shall be given. 


SWITCHING OF TRANSISTORS 

When employing transistors for switching, the 
common-emitter connection which has large current 
gain is most widely used. An example of the static 
output characteristics of this connection is shown in 
Fig. 21. The operating region of a transistor can be 
divided into the saturation region, cutoff region anc 
active region. Transistor switching circuits are of the 
saturated type which employ the two regions of 
saturation and cutoff, and due to their simple circuit 
construction and small power consumption are widely 
used. 
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Fig. 21 Static Characteristics of 
Common-Emitter Output. 


Fig. 22 is the basic form of a switching circuit of 
a common-emitter connected NPN transistor. The 
collector load line of this circuit is the line AB of 
Fig. 21. Following, based on Figs. 21 and 22 the 
operation of transistors in each region shall be 
described. 

1) Cutoff Region (OFF state) 

The cutoff region exists when both the emitter 
and collector junctions are reverse biased. In this 
state the operating point of the transistor rests at 
point A of the cutoff region in Fig. 21, the collector 
current takes a small value, and an extremely high 
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ff 


Fig.22 Basic form of Switching Circuit 


= 


resistance is shown between the collector and emitter. 
That is to say, point A corresponds to a state of a 
transistor switch with its contacts open (OFF state). 
The collector current, that is the leakage current, in 
the OFF state poses a problem for transistor switches, 
however this current cannot be eliminated completely. 
According to Ebers’ and Moll’s analysis, the leakage 
currents flowing through the collector and emitter, 
when both junctions are reverse biased, can be 
expressed by the following formulae. 


If ajlICBO = @nIEBO Is true, then 


ae IcBo(1 — an) 
mS 1 —ana| 

_ JEBOM — an) 

\- = ——— 
1 — ajan 


in the above equations, 


aN: Common-base forward current amplification 
factor 

a]: Common-base inverse current amplification 
factor 


Also, the base current is shown as Ip = Ic + le 


that is, _ IcBott — a) + lego — an) 
B 1 —aya| 


2) Active Region 

The active region, in a state where the emitter 
junction is forward biased and the collector junction 
reverse biased, is put to wide general use. In Fig. 22, 
when the potential of the base is made positive and 
a base current is made to flow, the operating point of 
the transistor will move along the load line from point 
A into the active region, and the speed of transition of 
the operating point across the active region is deter- 
mined by the gain-bandwidth product fT. | 
3) Saturation region (ON state) 
In Fig. 22, when the base potential is made positive 
and an ample base current (IB < Ic/nfE) is made to 
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flow, the transistor operating point will move along the 
load line from the active region and reach point B of 
the saturation region. Then an.extremely low resistance 
will be shown between the collector and emitter, 
and this corresponds to the closed state (ON state) of 
the switch. The value of the collector current at point 
B will be approximately determined by the load 
resistance and the power supply voltage (Ic = Vcc/ 
R,_), but the collector-emitter voltage will not drop ta 
zero completely and a certain saturati6n voltage due 
to the internal resistance will remain. The collector- 
emitter saturation voltage is an important parameter 
of the saturation region, and when analyzed by Ebers’ 
and Moll’s model of a transistor, as shown in Fig. 23, 
becomes as follows. 





Fig. 23 Model of a Transistor. 
VcE= ce +rele +rcic 


our fi vo} 
a; | 1—BF/MFE 


here, kT/g: 26 mV at 27°C 
BF: Circuit current amplification factor (Ic/lp) of 
saturation region. 
For reference, the above for the base-emitter junction 
are given below. 


VBE =%E t+rBilptrele 


kT le —a| 
b6=——In (1 + =e 
q ICBO 


As has been described, generally, transistor can be 
utilized as switches by controlling the base. However, 
as mention they differ from ideal switches in the 
following points. 

Xe 


A certain amount of leakage current remains in the 
OFF state. 


* A certain amount of saturation voltage remains in 
the ON state. 
* There is a certain delay in action in respect to the 
input signal. 
TRANSIENT RESPONSE TIME OF TRANSISTORS 
In the definition of the switching time of transistors 
‘~~ the quantities shown in waveform (C) of Fig. 24, which 
appears in the output when an input waveform as 
shown in Fig. 24 (A) is applied to the circuit of Fig. 
22, are employed. These quantities are defined as 
follows. 
tq: Delay time. 
The time required, after the input pulse has 
been applied, for the output current wave- 
form to reach 10 % of its maximum 
amplitude. 
tr: Rise time. 

The time required for the output current 
waveform to increase from 10 % to 90 % of 
its Maximum amplitude. 

tstg : Storage time. 

The time required, after the input pulse has 
become zero, for the output current wave- 
form to drop to 90 % of its maximum ampli- 
tude, 

tf: Fall time. 

The time required for the output current 
waveform to drop from 90 % to 10 % of its 
maximum amplitude. 


(A) 
Input waveform 


(B) 
Base current 


(C) 
Output waveform 





ss = 
tg tr 


(Note) Since in the above chart the output is shown 
in voltage waveforms, the positions of 10 % 
and 90 % maximum amplitude are in inverse 
relationship to those mentioned in the 


definitions. 


Fig. 24 Switching Waveforms. 





Besides the above definitions, the 2 following 
expressions are frequently used. 

ton: turn-ontime ton =tdt+tr 
toff = tstg + tf 
ANALYSIS OF SWITCHING TIME BY THE ELECTRON 
CHARGE CONTROL THEORY. 


Here, the electron charge control method shall be 


toff: turn-off time 


described, in which the transistor is considered not as 
a current controlling element but as a electron charge 
controlling element 4nd the transient response is 
expressed by the quantity of the electron charge 
contained in the base. 

simply stated, this method consists of, when a 
transistor changes from one state to another, finding 
the difference of the electron charge contained by the 
transistor in these two states and calculating the time 
required for charging this difference of charge AQ by 
current | as t= AQ/I. 

Methods for calculating the various switching times 
employing the electron charge control method shall be 
explained following. 

1) Delay Time 

The emitter-collector junction capacity and stray 
Capacity of a transistor in an OFF state are charged so 
as to reverse bias both the collector and emitter 
junctions. The delay time is the time required to 
supply a charge to these junctions and make the 
emitter junctton barely forward biased. 

When the base current is of step form, this can be 
simply expressed as follows. 


QoB 


tq = 
BI 


here, 
Qop: The electron charge stored in both the 
emitter and collector junctions. 
1871: Turn-on base current. 


V1-VTF 


VTE | 
= | + Ley 
008 = Jy, C1ddVBE ty, 4 Von Cood¥cB 
here, 
Vop: Reverse voltage applied between Lase 
and emitter during OFF state. 
VTF: Threshold voltage between base and 


emitter. 
V1: Voltage between collector and emitter 
during OFF state. 
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The voltage increment across the capacitor is (VTF 
— Vop). If this change is linear, the delay time can be 
expressed by the following formula. 


_ (VTF — VOB) (Cib + Cob) 


tg 
IBq 


2) Rise Time 

In order to> turn-on a_ transistor the following 
electron charges must be supplied: charge Q7 for 
creating a carrier gradient within the base region in 
order to make the required collector current flow, 
Qy for changing the voltage of the collector capacity 
from the OFF level, at which injection of the carrier 
starts, to the new level, and Qp which is required for 
recombination. 

Therefore, the equation for input current Ip1 
becomes, 

Ipi*t2= Q] + Oy + OR 

lf, by amply ever driving, Ic is considered to change 
linearly, then, 


a tr°l¢c 
2nFE 


In addition, since Q1 and Qy can be expressed as 
follows and the rise time is defined at the 90 % point, 
when these are solved for t,, tp can be expressed as 


follows. 


IC 
2ntT 





Q) = 
Ov =CfrAVcB, AVcCB=Cr*IC *RC 


1 , 
| OvICl aa Cr-Re) 
ee a ee 


here, Cf: Collector-base feedback capacity. 
Rc: Thevenin’s equivalent load resistance. 


3) Storage Time 

When a transistor is in the saturation region, due to 
the minority carrier in the base region, an excessive 
charge Q, will be created, The quantity of this charge, 
with Ty as the proportional constant, is proportional 
to the excessive base current Ipy. Furthermore, the 
charge which recombines is divided into two, one being 
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charge QR, which is due to the recombination of the 
excessive carrier having a lifetime of Ty. and the other 
being charge Opa that has a lifetime Tg and is due to 
the recombination of the activation carrier necessary 
to maintain the collector current. When the reverse 
base current Ip is stepped, then, 


—|B2*tstg = —Ox + ORx + Opa 


IBy*ts 


Gyr s 2G | 
2 ~ 


NFE 








, Rx 


Oy = IBx'Tx, IBx =!B1—-Ic/FE 


aie IB1 + IC/hFE 
1) rr can 


Furthermore, in recent transistors of the mesa or 
planar type, the minority carrier of the collector region 
rather than the base region becomes dominant and 
various modifications of the tstg formula become 
necessary. 

4) Fall Time 

The fall time is calculated using the same reasoning 
as that followed for the rise time, and is expressed by 
the following formula. 


0.91¢ | 





1 
+ Rec 
2ntT c* Cf 


“Ipat Ic/hFe 


4. NOISE CHARACTERISTICS 

There have been spectacular improvements in the 
performance of low frequency low noise transistors 
being employed in audio equipment. 

Here, the low noise bipolar transistors of alumina 
passivated structure and the mesh gate FETs of our 
company shall be explained. And, in addition, the 
equivalent input noise source method which is ex- 
tremely effective in circuit design shall be described. 
ALUMINA PASSIVATED STRUCTURE LOW NOISE 
TRANSISTORS. 

The features of the alumina passivated structure 
lie in the following points. 

* Since the surface of the element, including the 
electrodes, is passivated by a stable alumina film 
the element will not be degraded by receiving 
contamination from the outside in the manufac- 


turing processes coming after the electrodes have 

been formed. 

In NPN transistors, the low current characteristics 

of the hfe are improved in particular and a low 

frequency low_ noise transistor of high PIV and 
high gain is obtained. 

The manufacture of more stable PNP transistors 
. is possible. 

In plastic sealed type transistors, since the elec- 

trodes are passivated with a stable alumina film, 

the humidity resistance characteristics are improved 
greatly. 

As described above, the adoption of the alumina 
passivated structure displays the features of both 
superior characteristics and reliability. The alumina 
passivated structure Is as shown in Fig. 25. 





Structure of alumina | Structure of conventional 
passivated transistor planar transistor 


@ Non-porous alumina. @) Aluminum base electrode. 
@) Aluminum emitter electrode. @) SiO. 
&) Porous alumina. 


Fig. 25 Structure of an Alumina Passivated 
Transistor 


The technique for making this alumina film is a 
passivation technique that consists of the adoption of 
an improved aluminum evaporation process together 
with a combination of photoresist and anode oxidizing 
techniques, by which portions that were formerly 
removed by etching are selectively replaced by a stable 
alumina film chemically. This alumina film, together 
with the gettering action of the phosphor glass layer 
formed on the oxide film, stabilizes the surface to 
produce the superior features described above. 

Actual examples of the improvement of charac- 


teristics are shown in Figs. 26 and 27, 
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Fig. 27 Noise Figure vs. Frequency Characteristic of 
Bipolar Transistors. 
(VceE=3 V, Ic=0.1 mA, RG=10 kQ2, 
f=10 Hz, Af=1 Hz) 


As can be seen from the above Figs., alumina 
passivation technique together with the development 
from year to year of diffusion processes that create few 
crystal defects has resulted in great improvement of 
the hfe low current and 1/f noise characteristics of 
transistors, compared to former products. 

MESH GATE STRUCTURE, JUNCTION TYPE FIELD 
EFFECT TRANSISTORS. 

The mesh gate structure consists of widening the 
channel width by shaping the gate in a mesh form, and 
its features lie in the following points. 

* Since the degree of integration is improved, the gm 
can be increased without increasing the chip area. 
* The performance factor (Gm/Ciss) is improved. 
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* High gry is easily attained, enabling low noise to be 
obtained. 

The adoption of the mesh gate structure has enabled 
low cost, low noise field effect transistors to be manu- 
factured, which has facilitated their employment in 
audio equipment. 

EQUIVALENT INPUT NOISE SOURCE METHOD. 

Generally, fhe noise figure is employed to show the 
noise characteristics of transistors. : 

Here, an explanation shall be given while comparing 
the NF and equivalent input noise source method, 
together with ways of thinking in the applying of the 
same to circuit design. 

The case of bipolar transistors. 

The common-emitter hybrid type equivalent circuit 
of a bipolar transistor can be shown as in Fig. 28 (a). 
As shown in Fig. 28 (b), this circuit can be drawn 
employing two independent noise sources, voltage 
noise source en and current noise source in, which can 
be expressed by the following formulae. 





ideal 
amplifier 


Output 


(b) 
Fig. 28 

When K Boltzmann’s constant. 
T : Absolute temperature. 
Af : Frequency bandwidth. 
Gm : Mutual conductance. 
lb’ : base resistance. 
Rs : Signal source resistance. 

then, 


en = V4kT (rb! + 1/2 Gm) «Af 


AkT*Af | 
gael = /2qlp: Af 
28/am 
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provided that, 
k : Boltzmann's constant. 
T : Absolute temperature. 
Af: Frequency bandwidth. 
(Usually handled as Af = 1 Hz]. 
Gm: Mutual conductance. 


From the above equations, ep and ip can be equi- 
valently related to the thermal noise in the resistors 
and can be expressed by the following equivalent 
resistances. | 


RNe=lbb’ + 1/2 gm 
RNi = 28/am 


The case of field effect transistors. 

In the case of field effect transistors, the concept is 
the same as that for bipolar transistors, but due to the 
difference in operating principle the formulae for ey, 
and ip become as follows. 


en = VAKT* mus “Af 


Om 


in=V2qlG°Af IG: 


Gate leakage current. 
As shown in Fig. 34, the above gate leakage current 


IG is that for ordinary bias and displays a voltage 
characteristic as shown in Fig. 29. 


i 





Fig. 29 Measuring Circuit for Gate 
Leakage Current. 





lq — Gate Leakage Current — A 





10 15 20 2 30 
Vps — Drain to Source Voltage — V 


Fig. 30 Voltage Characteristic of 
Gate Leakage Current. 


En, In and NF. 

The total noise voltage at the input of the ideal 
amplifier of Fig. 28(b) can be expressed as the 
following formula. 


zz — 2 2 1 ae 2. Pa H 
ey —@pc¢ +é@n° + I1n Re + ?¥ En'in 


provided that, 


Ero is the thermal noise of Rg as shown by 
V4kTRS 
¥: The correlation coefficient of e, and in, and 
takes a value of —|< Y <{. 
When the noise figure is shown employing the above 
equation, it becomes as follows. 
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2 2 * 
NF = os 1010s [1 +o = +in?-R9 

As shown above, if the NF is determined by 
measuring @n and in which can be measure more 
precisely, rather than measuring the NF directly, the 
€n and in components contained in the NF value 
shown can be determined at the same time. 

Fig. 31 shows the relationship between the signal 
source resistance Fe, total noise voltage er and the 
NF, employing ep; and in-as the parameters. 

Furthermore, from the NF equation (*)‘it can be 
seen that a optimum signal source resistance Rs = 
RsoPt, which makes NF minimum, exists. 

When this value of NF is put as NFpyn, the formula 
becomes as follows. 





NE = 10 log|1 +a] 


JKT 
1 2rbb'le.” 
= 10log}1++/—(1 + ——) 
oa B kT/q | 
RsoPt = en/in 


From the foregoing it can be seen that, in the case 
of bipolar transistors from a circuit standpoint it is 
desirable to set the bias point at a low current as 
possible and when Reg is large (over 10 k&2) en may be 
disregarded and the noise will be dominated by the ip 
characteristics. And, in the case of field effect 
transistors use at alow voltage is desirable, and when 
the voltage is high attention must be paid to in. 


éy =JEgs? + 8p? + ip? Ry? 
f= 1.0 KHz 
j 


1k 2k 5k 10k 20k 5SOk100k200k 500k 1M 


Rg — Signal Source Resistance — 2 


Fig. 31 Total Equivalent Input Noise Voltage vs. Signal 
Source Resistance Rs Characteristics. 
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By utilizing the equivalent input noise source 
method as described, a NF map can be drawn up from 
Cn and in, and from a circuit design standpoint the 
noise characteristics of transistors can be grasped in 
more diversified ways making ,it a very effective 
method. 

In Fig. 32 the en and ip current characteristics and 
the frequency-.characteristics of a low noise transistor 
are shown, and in Fig. 38 the a current characteristics 
of alow noise FET. 
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Fig. 32 @p and in Current Characteristics of a Bipolar 


Transistor. (VCE = 3 V, f = 100 Hz, Af = 1 Hz) 


f=1.0 KHz 
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@p, — Equivalent Input Voltage Noise Source — nV/,/Hz 


Ip — Drain Current — mA 
Fig. 33 Current Characteristics of Equivalent Input 
Voltaic Noise Source e, of a FET. 


THE SN RATIO OF AMPLIFIERS AND TRANSISTOR 
NOISE. 


So far, the equivalent input noise source method has 
been explained, employing én, in and NF, in regards 
to the transistor alone. Here, the methods for utilizing 
these factors in the actual designing of circuits shall be 
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explained. 
The noise figure of an amplifier is shown by the 
following equation. 


_ No/So 


NF 
N4/S4 


Furthermore, when the power gain and noise 
figure of each stage are Gj, Go,....andFy1,Fo..... 
respectively in a multistage amplifier, the total noise 
figure for an stage amplifier can be shown as follows. 


Fo — F2- 
Pappas ged 
G4 G 769 
Fn-1 
6 G4G9......G_—1 


From this formula it can be seen that Fy is deter- 
mined from the noise figure of the first stage transistor 
and, making the gain of the first stage as large as 
possible will contribute towards to the improvement 
of the noise figure of multistage amplifiers. 

Next, taking a stereo equalizing amplifier as an 
example of an actual circuit, the advantages of the 
equivalent input noise source method shall be des- 
cribed. 

As have been described before, when low noise 
transistors are used, it is important to ascertain the 
circuit conditions and determine transistor operating 
conditions that will match the circuit conditions. 

Fig. 34 shows a NF map. The method for deter- 
mining optimum operating conditions from this map 
shall be éxplained. 


Se 


Rg — Signal Source Resistance — 2 
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lc — Collector Current —mA 


Fig. 34 NF Map. 


When the signal sources of stereo equalizing armnpli- 
fiers are considered to be magnetic cartridges or tape 
recorder heads, the majority of the signal source 
impedances will lie between 1 and 2? kQ2 (f = 1 kHz). 
Also, when a frequency range of 100 Hz to 10 kHz is 
considered, these impedances will extend over the 
wide range of 500 22 to 200 kQQ. 

The Ic at which the NF will become as small as 
possible, within this signal source resistance range, is 
determined from the map. The frequency of the NF 
rap shown in Fig. 34 is 100 Hz, however, when the 
frequency characteristics of a stereo equalizing ampli- 
fier is considered the gain becones maximum at about 
100 Hz, therefore this map was taken as an example. 
Furthermore, as reference a NF map for 10 Hz is 
shown in Fig. 35. 

From Fig. 34 it can be judged that the collector 
current to be used should be selected from between 
several tens of uA and 100 pA. 

Next, from the formula for the noise figure of 
multistage amplifiers it can be seen that in order ta 
make the noise small the gain of the first stage should 
be made large. In order to achieve this, the collector 
current should be made as large as possible. Therefore, 
the final value of the collector current is determined 
through correlation of this point and the NF charac- 
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Fig. 35 NF Map. 


teristics. 

Depending on the coupling circuit with the 2nd 
stage, the actual gain of the first stage may be 
decreased. In other words, since the input resistance 
of the 2nd stage is the load of the first stage, the input 
resistance of the 2nd stage must be made large to a 
certain extent. 

When designing low frequency low noise amplifiers 
as described, the NF map should be skillfully applied 
while giving ample consideration to the circuit con- 
ditions preceding and following each stage. 

With the above, the basic way of thinking and the 
equivalent input noise source method and its appli- 
cation to NF map reading when designing low fre- 
quency low noise amplifiers have been described. 

When undertaking actual designing, it is recom- 
mended that suitable use be made of specialist publi- 
cations and technical journals. 


5. DEPENDENCY OF PARAMETERS ON 
VARIOUS CONDITIONS 
DC CHARACTERISTICS 
Among the DC characteristics of ‘transistors, hrf, 
VBE and VCE(sat) are representative. Between Ge 
transistors and Si transistors there is a difference in 
Vee as shown in Fig. 36. Alloy type (step junction 
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type) and diffusion type (graded junction type) tran- 





< 
ee , spats E ae 
sistors feature the difference shown in Fig. 37. eee 
: HEE 
h Parameters 5 
h parameters have a dependency on current and 5 | 
voltage as shown in Figs. 38 and 39 respectively. The 2 
: ee : o 
relationship of h parameters with physical constants is. ; : 
as shown in the-following equations. a 
- ~ 0 02 04 068 08 % 


Base to Emitter Voltage — V _ 
T 


kT 
hib © ale rh(1 — a) Fig. 36 Example of |c—Vg_e Characteristics. 





kT oW bead ae Scie as 

brh ¥ ——— "——t rh 
rb qw OVe 'b* 9c = 
oO 
e 
hoc * —— *)4] —y|— a 
oc — B*) oye é 
oO 
here, k : Boltzmann’s constant = 8.63 x 10° (eV/K) | 
q : Charge ofelectron=1.6x 10° (C) a 


T : Absolute temperature 273 +t (K) 
W: Effective base width 
Gc: Collector conductance 


a= yB*a* yy: Injection efficiency 
B*: Transportation efficiency eWictaraica tosis Veeee lee Aca 
hje™ 2.5 kk hpe@0.5x 104 


a*: Intrinsic current amplification factor. J 30}-Me= hoen45 x8 


Conversion of common-base h parameters to com- 
mon-emitter h parameters can be performed approxi- 
mately by the following formulae. 





_ bib | hib*hob 
:_ = hro = =h 
4h Afb 4+ hfb bs | 
et Loa ee 
ete hth — hob . le — Emitter Current — mA 
fe 74 bth Oe 14 heb | Fig. 38 Example of h Constant—le Chracteristics. 
The dependency of VCE (sat) and VBE (sat) on F Reference Value: (VeE=6V, Iex—1 mA} 


hig@2.5 kf hre=0.5x 10" 


current is as shown in Fig. 40. hfe=90 Nae=4.5 us 


JUNCTION CAPACITY 
Junction capacity has a dependency on voltage as 


shown in Fig. 41. Generally, the capacity is approxi- 
mately inversely proportional to the 1/2 power of the 


Relative value of h constant. 


voltage in alloy type junctions, and approximately 





inversely proportional to the 1/3 power of the voltage "4 310. 30100 
Vce — Collector Voltage — V 
Fig. 39 Example of h Constant—VcE 
Characteristics. 


in diffusion type junctions. 
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VCE(sat) — Collector Saturation Voltage — V 


' VBE(sat) ~ Base Saturation Voltage — V 


a 
os 
fa 
oO 


Ic Characteristics. Si Transistor 


f=1.0 MHz 
| I¢=0 (Cob) 
| Ic =) = 





Cipb — Emitter Capacity — pF 
Cob — Collector Capacity — pF 


Vea Collector Voltage — V 
Vep — Emitter Voltage — V 


Fig. 41 Example of Cop—Vcp andCjp—Vep 


Characteristics. Si Transistor 


FREQUENCY CHARACTERISTICS 


1) Frequency characteristics of current amplification 


factor. 


The frequency characteristics of the current amplifi- 
cation factor are as shown in Fig. 42, and their 
relationship are expressed by the following formulae. 


aa k /\fotb 


EA emees 
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a 1 a | 
a <0.1) 
1—Qo 14 1 T fab 
Pe: er ( ie a 
oe War es 
ki1 — 00) fob 


(f < fab) 


Example of VBE(sat) and VCE(sat) VS- 


Current Gain —dB 





fT feeb 





fxn 70.01 fa 
f — Freétuency — H2 


Fig. 42 Dependency of Current Amplification 
Factor on Frequency. 


It is known that fab, f7 and f@bh of the above 
formulae have the following relationship. 


foe =k (1 — Oo) fab 
fT = a0kfab © kfab 


In the above relationship, the constant k becomes 
0.82 when the impurity density of the base is uniform 
like in alloy type junctions, and 0.5 to 0.7 when the 
impurity gradient is large like diffusion type junctions. 
2) h parameter frequency characteristics. 

The frequency characteristics of the h parameters 
are expressed by the following formulae. 


re 
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me bb 1-a bb 1— Qo + jwCele 








1 
= Tfhh' + 
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hoe=G + jB 
Fig. 43 Frequency Characteristics of h 
Parameters. 


TEMPERATURE CHARACTERISTICS 

Since transistors have such parameters as ICBO, 
Vpe and hfe which change sensitively against tem- 
perature, it is necessary to consider this point when 
designing circuits. 
1) Temperature characteristic of ICBO. 

The temperature characteristic of [CBO is shown by 
the following formula. 


| =|.exp (3 =) 
CBO ~'s LT 


Ol 
Ge a BO, 0.1 ICBO 
aT 

9ICBO _ GEG sinens 
ST Eq? ICBO ; 

= CBO ae 

ve SS O14 I 
Si aT CBO 


Though the temperature coefficient of ICBO is 
larger for Si transistors compared with Ge transistors, 
generally, since the absolute value of the Icpo of Si 
transistors is amply small, in the majority of cases it 
may be disregarded without harm. However, in the 
case of Ge transistors, since the ICBO is of several 
uA and is large, the temperature coefficient must be 
given consideration. 
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2) Temperature characteristic of VBE. 
The temperature characteristic of the Vee is shown 
by the following formulae. 


GEG VBE 
kT °€ kT 


qVBE 
IF=Ikee KT =Ke 


| kT Ie 
VBE =—in—TEG 
q «K 


T 
Pte 


aVBE_k. | | | 
ON BE * jp E=+ (vge—Eg)=—24mV/C) 


oT aq kK 

That is to say, the temperature change of VBE is 

about —2 mV/°C for both Ge and Si transistors. It is 

necessary to give ample consideration to this point, 
when designing circuits. 


3) Temperature characteristic of hfe. 
The relation of hf, to temperature is expressed by 
the following formula. 


1 pW WP 


eg ROM SAW 
hfe Pblne 2Lpb’ 


ADpb 


> 


In the above formula, since the Ist term (emitter 
injection efficiency) and 2nd term (transportation 
efficiency) have a positive coefficient against tem- 
perature change and the Srd term (surface recombi- 
nation effect) has a negative coefficient it is difficult 
to quantitatively determine the temperature coeffi- 
cient of hfe. Experimentally, this coefficient has been 
determined to be about. 


Alloy types, mesa types... CLL 0.5 %/°C 
fe 
Planar types. .......6-. ohfe/OT %/°C 
te 


When designing circuits, consideration should be 
given to the decrease of hfe at low temperatures. 


4) Temperature characteristic of VCE(sat)- 


The temperature characteristic of VCE(sat) is ex- 


pressed by the following formula. 


| 1—a\ 
nfs 


IC 
abe _ 
| rr (1 —aR) 





VCE(sat) = ——In 


+ IEfoe *IClog 
VCE(sat) has also been determined experimentally 
to be about. 


3 ~0.5%/°C 
VCE (sat) 
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TECHNICAL SYMBOLS USED IN NEC’S SEMICONDUCTOR DEVICES 


(Transistors, Field Effect Transistors, Diodes) 


AN ITEM COMMON TO ALL DEVICES 










Symbol Term 
Capacitance 
Frequency 
DC Current 
AC Current 
| Inductance 
Power 


| Resistance 


TRANSISTOR 
ABSOLUTE MAXIMUM RATINGS 






Symbol 





_ Safe Operating Area 
_ Base Current 
IB(DC) _ DC Base Current 

|B (peak) _ Peak Base Current 










1B (pulse) | Pulse Base Current 
IC | Collector Current 
| Ic(Dc) | DC Collector Current 









IC(pulse) Pulse Collector Current 

















| Ie Emitter Current 
| Pe | Collector Power Dissipation 
P+ Total Power Dissipation 
| Reh Thermal Resistance 
Rth(j-a) Thermal Resistance (Junction to 





Ambient) 
Thermal Resistance (Junction to Case) 
Ambient Temperature 
Case Temperature 
Operating Junction Temperature 
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| Symbol 


| Temperature 
Time 
DC Voltage 
AC Voltage 
Impedance 
Efficiency 
Wave Length 


—S ee 


Symbol Term 


Operating Temperature 
Storage Temperature 
Collector to Base Voltage 
Collector to Emitter Voltage 
Collector to Emitter Voltage 
(RBE=RQ2) 
Collector to Emitter Voltage (base 
| emitter short circuited) 
| Collector to Emitter Voltage (base 
' reverse biased) 
Emitter to Base Voltage 
Emitter to Collector Voltage 
(ReeE=RQ) 
Emitter to Collector Voltage (base 
collector short circuited) 
Emitter to Collector Voltage (base 
reverse biased) 
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ELECTRICAL CHARACTERISTICS 


Symbol 


| bf 
bfe 


bib 


| Bie 


Dob 
Doe 


Orb 


BVCBO 
BVCcEQ 


BVCER 


BVCES 


BVCEX 


| BVEBO 
| BVECO 


BVECR 


BVECS 


BVECX 


Cob 
Co"! b‘b 
Ceb 
Cib 


Cob 
Coe 


fob 
foe 
fmax 
fT 
Geb 


f 


Term 


Forward Transfer Susceptance 
. (common base) 

Forward Transfer Susceptance 
(common emitter) 

Input Susceptance (common base) 

Input Susceptance (common emitter) 

Output Susceptance (common base) 

Output Susceptance (common 
emitter) 

Reverse Transfer Susceptance 
(common base) 

Reverse Transfer Susceptance 
(common emitter) 

Collector to Base Breakdown Voltage 

Collector to Emitter Breakdown 
Voltage 

Collector to Emitter Breakdown 
Voltage (RRE=R{2) 

Collector to Emitter Breakdown 
Voltage (base emitter short 
circuited) 

Collector to Emitter Breakdown 
Voltage (base reverse biased) 

Emitter to Base Breakdown Voltage 


| Emitter to Collector Breakdown 


Ne eee a aaa 


a 





a 


Voltage 

Emitter to Collector Breakdown 
Voltage (RBc=R22) 

Emitter to Collector Breakdown 
Voltage (base emitter short 
circuited) 

Emitter to Collector Breakdown 
Voltage (base reverse biased) 

Collector Capacitance 

Collector to Base Time Constant 

Emitter Capacitance 

Input Capacitance (common base) 

Input Capacitance (common 
emitter) 

Output Capacitance (common base) 

Output Capacitance (common emitter) 

Feedback Capacitance 

a Cutoff Frequency 

6 Cutoff Frequency 

Maximum Frequency of Oscillation 

Gain Bandwidth Product 

Conversion Gain (common base) 

Conversion Gain (common emitter) 





Ifh 
Ife 


| Sib 
Sie 


| NFC 
FE 
Nfe 





| ib 


hFei/hFe2 


| Maximum Unilateral Insertion Power 


| Output Conductance 


i 





Term 

Forward Transfer Conductance 
(common base) 

Forward Transfer Conductance 

(common emitter) 

Input Conductance (common base) 

Input Conductance (common 
emitter) 










Gain 






Output Conductance 

Power Gain (common base) 

Power Gain (common emitter) 

Reverse Transfer Conductance 
(common base) 

Reverse Transfer Conductance 
(common emitter) 

Voltage Gain (common base) 

Voltage Gain (common emitter) 

Current Gain (common base) 

DC Current Gain (common collector) | 

DC Current Gain 

Current Gain (common emitter) 

DC Current Gain Ratio 

Input Impedance (common base) 

Input Impedance (common emitter) 

Output Admittance (common base) 

Output Admittance (common 
emitter) 

Voltage Feedback Ratio (common 
base) 

Voltage Feedback Ratio (common 
emitter) 

AGC Current 

Collector Cutoff Current 

Collector Cutoff Current 

Collector Cutoff Current (RRE=R&2) 

Collector Cutoff Current (base 
emitter short circuited) 

Collector Cutoff Current (base 
reverse biased) 

Emitter Cutoff Current 

Emitter Cutoff Current 

Emitter Cutoff Current (RRC=R{2) 

Emitter Cutoff Current (base emitter 
short circuited) 

Emitter Cutoff Current (base 

reverse biased) 
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eynte! Term 








KF Distortion Load Admittance 
KF9 2rd Harmonic Distortion Output Admittance (common base) 
KF3 3rd Harmonic Distortion Output Admittance (common 
LVCEO Collector to Emitte? Sustaining : emitter) 
Voltage | Reverse Transfer Admittance 
MAG '| Maximum Available Power Gain (common base) 
NF “Noise Figure | Reverse Transfer Admittance 
NV ‘Noise Voltage . (common emitter) 
Pj | Input Power | Source Impedance 7 
Po Output Power Zit | Input Impedance (common base) 
Pose Oscillation Power | Input Impedance (common emitter) 
PW Pulse Width | Load Impedance 
bb’ Base Spreading Resistance | _ Characteristic Impedance 
Re(hie) Real Part of Input Impedance | Output Impedance (common base) 
RG Source Resistance Output Impedance (common emitter) 
rib Input Resistance (common base) | Collector Efficiency 
rie Input Resistance (common emitter) — | Oscillation Efficiency 
| Ry. Load Resistance | Total Efficiency 
| Tob Output Resistance (common base) | 
Toe Output Resistance (common emitter) | 
a iE Input Reflection Coefficient 
$12 Reverse Insertion Gain 
$71 Forward Insertion Gain 
$99 Output Reflection Coefficient 
ISoq/? | Forward Insertion Gain 
td | Delay Time 
tf | Fall Time 
T.H.D. | Total Harmonic Distortion 
toff | Turn off Time 
ton Turn on Time 
tr Rise Time 
tstg(ts) Storage Time 
VAGC AGC Voltage 
VBB supply Voltage 
VBE Base to Emitter Voltage 
| VBE (sat) Base Saturation Voltage 
| Vec Supply Voltage 
| VCEK Knee Voltage 
| VCE (sat) Collector Saturation Voltage 
VEE Supply Voltage 
Vosc Oscillation Voltage 


Forward Transfer Admittance 
| (common base) 

Vfe | Forward Transfer Admittance 
| (common emitter) 


Yfb 











VG. . Source Admittance 
| Yib Input Admittance (common base) 
Yie Input Admittance (common emitter) 
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FIELD EFFECT TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS 





Symbol 


Vbss 





Symbol | 


_ Drain Current 
| Gate Current 
Source Current 
| Total Power Dissipation 
| Ambient Temperature 
| Channel Temperature 
| Junction Temperature 
Storage Temperature 
Drain to Source Voltage (gate source 
short circuited) 


ELECTRICAL CHARACTERISTICS 


Forward Transfer Susceptance 
| (common source) 
| Input Susceptance (common source) 
| Output Susceptance (common source) 
| Reverse Transfer Susceptance 
| (common source) 
| Drain to Source Breakdown Voltage 
| Drain to Source Breakdown Voltage 
| (gate reverse biased) 
Gate to Source Breakdown Voltage 


Gate to Source Breakdown Voltage 
| (drain source short circuited) 


| Input Capacitance 


Output Capacitance 

Feedback Capacitance 

Maximum Frequency of Oscillation 
Forward Transfer Conductance 
Input Conductance 

Output Conductance 

Power Gain (common source) 





| NF 


| NV 


rds 

| Tds(on) 
1S21sI” 
U 


VGSloff) 
| Vp 
Yfg(Or 9m) 
| Yis 
| Yos 
| Yrs 


Drain to Source Voltage (gate reverse | 
biased) 

Gate to Drain Voltage 

Gate to Drain Voltage (drain source 
short circuited) 

Gate to-Source Voltage 

Gate to Source Voltage (drdin source 
short circuited) 


ee ee Se 


Reverse Conductance 


| Zero-Gate Voltage Drain Current 


Drain Leak Current 


| Gate Cutoff Current 
Gate Leak Current 
| Maximum Available Power Gain 
| Noise Figure 
| Noise Voltage 
| Output Resistance 
| Drain to Source ON Resistance 
| Insertion Gain 
| Maximum Unilateral Insertion Power 


Gain 


| Gate to Source Cutoff Voltage 


Pinch off Voltage 

Forward Transfer Admittance 
Input Admittance 

Output Admittance 

Reverse Transfer Admittance 
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DI ODE 
ABSOLUTE MAXIMUM RATINGS 


| lei Peak Forward Current 
IF(surge) ~ | Forward Surge Current 
-» Average Rectified Current 
‘Power Dissipation 2 
| Surge Reverse Power 








Thermal Resistance 


| Thermal Resistance (junction to 

| ambient) 

| Thermal Resistance (junction to case) 
Ambient Temperature 


Burn out 
| Terminal Capacitance 
| Frequency Temperature Coefficient 
Cutoff Frequency 
Voltage Tuning Range 
Mechanical Tuning Range 
| Center Frequency 
Oscillation Frequency 
Rectified Current 
| Operating Current 
Peak Point Current 
Peak Point Current Vally Current Ratic 
Reverse Recovery Current 
Valley Current 
Conversion Loss, Multiple Loss 
Insertion Loss 
Capacitance Ratic 
Noise Figure 
Maximum Capacitance Ratio 
Oscillation Power 
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Case Temperature 
| Operating Junction Temperature 
Operating Temperature 
| Storage Temperature 
Reverse Voltage 

Peak Reverse Voltage 
Tuning Voltage 

VSWR 










= 


Term 


Conversion Power 
Figure of Merit 
| Stored Charge 

Differential Resistance 

| DC Current 

| RF Parallel Resistance 

| RF Series Resistance 
Forward Recovery Time 

| Reverse Recovery Time 

| Transition Time 

| Forward Voltage 

| Operating Voltage 

Peak Point Voltage 
Projected Peak Point Voltage 
Switch Voltage 

| Threshold Voltage 

| Valley Voltage 
Zener Voltage 
Dynamic Impedance 
Knee Dynamic Impedance 
Oscillation Efficiency 
Minority Carrier Lifetime 
Zener Voltage Temperature 
Coefficient 





RELIABILITY AND QUALITY ASSURANCE SYSTEM 
OF NEC’S SEMICONDUCTOR DEVICES 


GENERALS 


NEC has been manufacturing semiconductor devices 
readily adaptable to a large number of applications rang- 
ing from consumer goods up to space electronics, includ- 
ing communication and industrial systems. Best efforts 
have been made to have individual device soak up its 
inherent reliability and to control its quality so as to 
enable customers to use it with confidence. 

Descriptions on the reliability and quality assurance 
system for NEC semiconductor devices will be made for 


customer's information. 


Initial Failure 


| 
| 
i 
| 


Reliability , Mean life 





Function 
(Survival Rate) 


R(t) 
Probable 
Density (Fre- 
quency Dis- 
tribution) 


f(t) 


Failure Rate 





A(t) 


i 
1 
| 
‘ 
| a a 


SSS a = 
Effectiveness 


of Periodic 


| Detrimental 
Repairs | 





1. RELIABILITY OF SEMICONDUCTOR DE- 
VICES 
1-1. 


It is natural that equipment and components have 


Reliability Function. 


lower performance as the longer and the more frequent 
use of them. This means that reliability decreases with 
the increase in time and frequency of use. Although re- 
liability reduction depends greatly on the kinds of de- 
vices and the relationships between the kind and degree 
of stresses applied, failures modes can be roughly catego- 
rized into three modes by their natures as shown in 
Figure 1. 


Wear-out Failure 
Random Failure 


(Fatigue Failure) 








a 





Effective 


Ineffective 


Figure 1, Failure Modes 
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To make statistical study of these phenomena, dis- 
tribution functions, such as Weibull distribution, gamma 
distribution, logarithmic-normal distribution, etc., are 
discussed. Weibull distribution, among these, is most 
likely discussed and seems to be the most suitable as a 
The 
reliability of these products are expressed by the fol- 


reliability function for semiconductor devices. 


lowing factors in’ Weibull distribution, 


‘ 


Reliability function: R(t) = exp - a" | 
Cumulative distribution ‘ 
i ey qi. onl fp ko a 
funecone | exp i | 
Probable density function: f(t) = ae - 
exp "| 
1) 


Instantaneous failure rate: d(t) = (tay) 
n 


} 
Mean life: tm=n-P(1 +—~) note 1) 
note 1) 
Here, ['( ) is gamma function. The relationship between m 


and P'(1 +1) is shown in Figure 2. 






| \ | | 
te tr 


| 
| 
| 


Figure 2. Relationship between Shape Parameter m and 
Gamma Function 


This distribution function includes Location Para- 
meter: yy, Scale Parameter: 7, and Shape Parameter: m. 
The shape parameter can be utilized to determine the 


mode of each failure as follows: 


m<1 Initial failure 
m= 1 Random failure (exponential distri- 
bution) 
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m= 1 Wear-out failure 
In checking whether the reliability function complies 
with Weibull function or not and obtaining the above 


y, nm, m, Weibull probability paper can 


parameters, 
be utilized. 


1-2. Measure to Express Reliability, Failure Rate and 
Reliability Index. 

Failure rate is defined as “‘the rate that a system, 
equipment, devices (such as semiconductor devices), 
etc. which have been in operation would develop fail- 
ures per unit time .” If reliability function is R(t), fail- 
ure rate which is also a function of time can be express- 
ed as 


nity = SR 
dt R(t) 

In general, failure rate has two kinds: instantaneous 
failure rate and mean failure rate. ‘Failure rate” in a sim- 
ple statement often refers to instantaneous failure rate. 
The failure rate A(t) in this paper also means the same. 

Mean failure rate a(t) can be obtained from the fol- 


lowing formula. 


>)., — lotal number of failures in a certain period 


Total operating hours 


= nN 


M3! 


tin ~ (rig—n)t 


J 


Where nj is the number of failures at time tj, n is the 
number of failures in the observation period t, and 
No is the number of devices put to testing or operation. 
When no is sufficiently large, the mean failure rate can 


be expressed as follows: 


Fey IR) = TR 
Jit fltidt + t- Rit) fR(dat 


where f(t) is probable density function. 

However, instantaneous failure rate A(t) and mean 
failure rate A(t) as defined above canno* easily be ob- 
tained from the test results or practical data. 

Therefore, the following formula has been used con- 
ventionally as the measure of failure rate. 








This expression has such a practical effect that the 
approximate number of failures in a certain period 
and thus the approximate reliability can be estimat- 
ed instantly. Here, RI(t) is called reliability index and 
“Should be distinguished from A(t) and A(t). 

In discussing the results of accelerated life test, all 
of reliability jndex, instantaneous failure rate, and mean 
failure rate use %/1000 h as a rule. In describing the 
Value in actual operation, the unit of 

FIT (failure in time) = 107 /h has been used in- 
creasingly. 

If it is proved that R(tj) is 99 % in a certain period of 
time tj, the mean failure rate after tj can be estimated as 
shown in Figure 3(a), the reliability index after tj as 
shown in Figure 3(b), and the instantaneous failure rate 
after tj as shown in Figure 3(c). In the curves of Figure 


3(b), the value of reliability index is not constant but .. 


varies with time even with m = 1.0. On the contrary, in 
the curves of Figures 3{a) and 3(c), reliability factors 
are always constant regardless of time if m=1.0. Also, 
with m other than 1.0, the relationship between reliabili- 
ty factor and time shows considerable difference among 
Figures 3{a), 3(b), and 3(c). 

For this reason, the followings must be taken into ac- 
count. 
(1) Reliability index Ri(t) may frequently be accompa- 
nied by some error when it is used as a direct mean to 
assume instantaneous failure rate A(t) and mean failure 
rate A(t). And such error would become greater as the 
value of m deviates more from 1.0. 
(2) If m=1.0, or reliability function is deterrnined by 
exponential distribution, failure rate is said to be cons- 
tant regardless of time. However, this applies only ta 
instantaneous failure rate and mean failure rate but not 
to reliability index. 





(a) Mean Failure Rate : A(t) 

















Figure 3. Reliability to be Estimated after t=t; When 
R (t)=0.99 was Recognized 


1-3. Reliability of Equipment 

With the recent astounding progress in electronics, 
electronic equipment have become laraer in size and 
more complicated in composition, which necessitates 
an extremely large number of components in system or 
a equipment. 

Suppose equipment has Ng numbers of semiconduc- 
tor devices and is used under the condition that its t- 
hour-later reliability will be r(t), the reliability R(t) of 
this device based on the failures of the devices can be ob- 
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tained from the following equation: 


R(t) = | r(t) | ae 


However, 


c(t} = Ph (£)"- exp AS) 


Therefore, 


) -¢\}"0 A(t) t 
ne [aw MY = oxo) 


And, furthermore, more appoximation can be attained 


_- 





aS 


NoAlt) -t 
a 


R(t) =1 


As seen from these equations, the more components are 
employed in an equipment the more careful considera- 
tion should be given to the selection and use of them. 

In considering the reliability of an equipment a meas- 
ure called MTBF (Mean Time Between Failures) is often 
used. MTBF is the average of operation times between 
failures, and the MTBF of the above-mentioned equip- 
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ment which has ng numbers of semiconductor devices 
and is used under the condition that its t-hour-later ins- 
tantaneous failure rate will be A(t) based on the failures 
of its semiconductor devices is as follows: 


mi | 1 
Pe . 
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2. FAILURES OF SEMICONDUCTOR DEVI- 
CES < 

2-1. 
Conventionally, the failure rates of electronic com- 


Features of Semiconductor Device’s Failure 


ponents and those of system and equipment which in- 
corporate these components are often indicated by a 
bath-tub curve. Since, however, semiconductor devices 
may provide the shape parameter m which is smaller 
than 1 (i.e. 0.5 to 0.95 usually) so far as the conditions 
applied are not too specific, the failures of these devices. 
will be classified into initial failure which shows a curve 
different from the bath-tub curve. That is, semiconduc- 
tor devices would have a longer initial failure time, more 
than 6 months in many cases, and the changing from in'- 
tial failure period to random failure period is not always 
distinct. These characteristics are illustrated in Figure 4. 


General Electric Components, 
Equipment, etc. 


Reduction due to 
Prevantive Maintenance 


Specified 
Failure Rate 


—— 1 


Wear-out Failure Period 


Figure 4, Failure Rate Curves (Bath-tub Curve) for Semiconductor Devices and General Electric 


Components and Equipment 
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For instance, reliability to be estimated after t=t; when 
R(t))=99 % was recognized according to the value from 
shape parameter: m, as shown in Figure 5. 

This means that semiconductor devices have far long- 

er life than other @quipment belong to exponential dis- 
tribution (m=1). 
In other words, the semiconductor devices which can be 
“=Osed without failure up to.the period have longer reliabi- 
lity after that period, so regularly replacement for main- 
tenance will be detrimental for reliability of the equip- 
ment. 
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Figure 5. Reliability to be Estimated after t=t; when 
R (t)= 0.99 was recognized. 


2-2, Failure Analysis 

Failures of semiconductor devices are attributable to 
their own defects or their operating or environmental 
conditions. Figure 6 shows a result of failure investi- 
gations in terms of classified modes of failures after in- 
spection of the semiconductor devices that were return- 
ed in complaint of failure in the field. As indicated by 
the example, unexpectedly many failures can be attri- 
buted to design and use of the device, beyond expec- 
tations. - 

In any case, failure investigation for semiconductor 
devices are quite important to the improvement of 
reliability and quality from the viewpoint of design, 
manutacture and application of those products. We 
are always making our best to study such investiga- 
tion results and feed them back to our development, 
design, manufacturing and sales departments so that 
they can be served to research and development of 
new devices, improvement of device, improvement 
of manufacturing and screening processes, study of 
inspection method, application technologies, étc., 
and thus to supply better products to every customers. 

In the following description, characteristics of fail- 
ures, reliability, and major failure modes of semiconduc- 


tor devices are discussed. 


(a) Plastic Malded Transistors 
(TO-92, SST, SP-8, Disk Malic} 


Others 4% 
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Figure 6. Result for Semiconductor Devices Failures 
Found in the Field (1977 ~ 1979) 


Excessive 


(c) Glass Package Diodes 
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2-3. Failure Mechanism 
1) Connecting Portion 
A package and elements are usually connected by 
gold wires, and this connecting portion can be the 
cause of failures. i 
The material or size of wires and bonding methods 
are all fully taken into account in designing and manu- 
facturing so that they can meet the most severe of all 
the conditions thus assuring the quality of semiconduc- 


Table 1. 















Mechanical causes 


Failures. 
in Con- 
necting 


Chemical -causes 
Portion 












Electrical causes 


2) Junction Region 

Junction region can be broken by the outbreak 
of surge or hot spot. Overvoltages applied from the out- 
side are considered to be the major causes of those 
breaks. 
3) Packaging 

As for the failures related to packages, failure modes 
are remarkably different according to their structures, 
but any package failure may be a cause of a serious fail- 
ure of semiconductor devices. 
4) Metallization Wiring 

Elements in a semiconductor device are usually con- 
nected together by aluminum metallization wiring. 
Failures related to this connection are, for example, 
scratches and current capacity shortage caused by a 
step portion of oxidization layer. Substandard devices 
have been removed by screening in the manufacturing 
process, If, however, devices are exposed to the condi- 
tions exceeding maximum rating, it cannot be avoided 
that the occurrence of open circuits in such weak points 
in metallization wiring. 

As the corrosion by the humidity of aluminum ele- 
ctrodes is caused by the coexistence of moisture and 
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tor devices. However, if such products are exposed to 
the condition exceeding the rating, there may occur 
failures such as open or partial open. 

Some classified examples of failures in connecting 
portions are given in Table 1, and it is seen that similar 
failures may occur due to the faults in design or manu- 
facture. And very often it is difficult to find the causes 


of such failures by investigating the defective devices. 


Examples of Failures in Connecting Portion and Their Causes 


Excessive mechanical shock 
Incomplete bonding 
Defective pointed tools 
Inadequate wire shape 
Corrosion by contamination 
Formation of compounds among 
Al ~ Au metals 

a 


Heat generation by current 
Melting and fusing by excess current 
a 
[Surge 


an extremely small quantity of impurities, the use of 
plastic molded packages may cause troubles; especially 
when the humidity is extremely high, it can not be deni- 
ed that plastic molded packages are inferior in reliability 
to hermetically sealed packages. 

5) Surface Deterioration 

Though the oxidized surface of semiconductor de- 
vices are protected with resin, the surface is sometimes 
deteriorated, and in many cases the deterioration ts lia- 
ble to be accelerated by the effect of voltage or temper- 
ature. 

Surface deterioration — called channel — of those 
products sometimes causes an increase of leakage cur- 
rent, but heating of them will restore their characteristi- 
cs. The deterioration through channel formation is of- 
ten observed in forced deterioration tests, but it is hard- 
ly found in the field except for MOS devices. 

6) Incomplete Manufacture 

Failures due to incomplete manufacture may be caus- 
ed by, for example, imperfect diffusion process or in- 
complete chip mounting. However, the defective devi- 
ces owing to these failures are almost perfectly remov- 


ed through the above-mentioned quality control acti- 


vities in the manufacturing process, so practically no devices were described above, and in the following Table 


defective devices will be delivered to customers. 


Major failure features and modes of semiconductor — ed: 


Table 2. Kind, Mode, 


Kind af Failure Failure Mode 


Wire 
Bonding ' Misplaced bonding, 


| loose contact 


F Open, high resistance 
| 


Low breakdown voltage, 
_ short, open 


| 


| Open, ue resistance 


Junction 
Region 


| Enclosed high humid- | Breakdown voltage 





















Seal ity gas | deterioration, high 
| Contamination of 1 | leakage 
| surface | 
 tideranaains Short, low breakdown 
| voltage, large leakage 
| High current 
| den sity a eee ee nee Open, high resistance 
ee , 
Scratch Open, short 
Insufficient thick- 
Metalli- L ness | Open, high resistance 
ey | Excessive etching 
| Contamination, dust 
and dirt 
_ Poor wiring and ele- Open, high resistance 
alk ment connection 
Chip i crack Open, short 
Mounting | Chipderachine | Open, short, high 
| | | thermal resistance 
| Pinhota “ack |] Low breakdown voltage, 
| it 
Oxidized ee eee Lee Sp ewe arc 
Film | Insufficiently Oxi- : 
| dized film thick- | Low breakdown voltage 
ness 
Surface Channel for mation | Low breakdown voltage 
Treatment Contamination high pane 
Mask Insuffi cient ent P.R._ .__._.| Low breakdown voltage, 
Mask misalignment shart, open, high leakage 
Material . . 
and Dif- _ Impurity Ditto 
fusion mal 











?, kinds, modes, and causes of these failures are tabulat- 


Cause of Failures Related to Chips 


| Cause | 


Incomplete 
manufacture or 
misuse 


Pi 


Incomplete 
manufacture 


_ Incomplete 
| manufacture or 
misuse 


Ditto 


Misuse 


4 
| Incomplete 
manufacture 


Incomplete 
manufacture or 
misuse 


Ditto 


Incomplete 
manufacture 
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3. RELIABILITY AND QUALITY ASSURAN- 
CE SYSTEM FOR NEC SEMICONDUCTOR 
DEVICES 

3-1. Cycle of Reliability and Quality Control System 
Reliability and quality assuranee of semiconductor 

devices can be achieved by building reliability into the 

devices in each process from market survey and collec- 
tion of user's =requirements to the development and 


Original Development 
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Market research: | 
Basic investigation: , 
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a | 






















Manufacturing study: 
Catalog , application note 






Maintenance, After-sale 
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Reliability verification 
test: Incoming warehouse 
and outgoing warehouse 
Inspection 
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Order Received (1) 
Check of reliability, 
quality, other re- 
quirements conditions 
of order received 


Management 


Circle for 7 ae 
Quality control for High Reli- rocess quality control 
storage, packing, ability Flan: Decision on comple- 
transportation, etc. Peaeoetian tion of development of 


Quality control in 
production process: 
Subcontracting 
quality control: 
Equipment and 
environment control 


manufacturing design, and purchase of materials and 
parts, and also by means of the direct quality assurance 
by the quality control, reliability test and examination 
relating to the manufacture, as well as the shipment 
control and after-sale service, all being performed under 
a consolidated system. . 

The system is outlined in Figure 7. Control activities 
for each item in the system will be described below. 










Developmental Design (2) 
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Purchase of Materials (4) 


Acceptance inspection: 
Quality control of sub- 
contracted works 










Prod uction (5) 


Education and 
Training (9) 


Education on reli- 

ability and quality 
control: Employee 
training 





Figure 7. Cycle of Reliability and Quality Control System 


3-2. Order Received . 

In order to manufacture and supply devices which 
meet the purpose of application, it is essential to build 
reliability and quality required or expected by the users 
at large into the design of the devices. Accordingly, 
prior to the development and order receiving kinds of 
equipment to be used and environmental conditions, 


SO 


circuit operations and so on, in addition to the per- 
formance required and allowable field failure rates 
must be investigated together with the price, time for 
delivery and quantity, and then the development plan 
of new products and new order receiving plan are esta- 
blished. 


3-3. Development Design 

New product development plan is determined after 
careful investigations performed by various departments 
in charge of design, manufacturing engineering reliability 
and quality contrql and so forth. According to this deve- 
lopment plan, design, trial run and evaluation are per- 
formed. Mass production is released only when the eva- 

**Juation results which are fully satisfactory have been ob- 
~ tained. . 

At the stage where the design has been completed, 
design review is performed to exclude defects in the 
design. In this review, the design is compared with the 
design standard, and other factors which influence the 
reliability and quality are examined carefully. As the 
result of it, if necessary, the design is partially modi- 
fied or entirely redesigned. 

When the design has passed the review, trial run is 
performed to check whether the product satisfies the 
required characteristics and reliability, and also to verify 


the stability in the manufacturing process. 1“ 


When the pre-production shifts to actual mass pro- 
duction, various kinds of reliability and quality verifi- 
cation test are performed by the reliability and quality 
control department in accordance with the quality veri- 
fication system. When it is confirmed that there is no 
problem in the quality, various standards for the mass 
production are made, and the mass production is start- 
ed. Processes described above are shown in Figure 8. 
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Production 





Figure 8. Flow Chart of New Product Development 


3-4. Manufacturing Design 

When it is confirmed that the quality required can be 
achieved by the quality verification system, the process. 
shifts to the mass production based on the written mass 
production plan. Prior to the shift, however, the design 
department prepares a document for manufacturing plan 
including the reliability and quality control relating to 
the manufacturing processes, such as necessary materials, 
equipment, manufacturing conditions environment and 
so on, and thus establishes the mass production system. 
Even after the mass production has started, the stan- 
dards for the manufacture and control are always re- 


examined to improve and rationalize them. 


3-5. Purchase of Material 
Quality of materials and parts purchased is also an 
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important factor which influences the reliability and 
quality of the final products. Therefore, quality con- 
trol for those materials and parts is performed care- 
fully and systematically. Purchase specifications have 
been established, and acceptance test is performed for 
those materials and parts to be purchased in accordance 
with the specifications. The test is performed mainly 
in accordanceswith sampling methods stipulated in 
MIL-STD-105.. : 

The acceptance test results are always examined and 
accumulated for each supplier and devices by the quality 
contro! department. If any of the materials and parts 
does not meet the specifications, NEC does make the 
supplier improve It. 

In addition to the utilization of test results, inspec- 
tion of the supplier's factory is performed periodical- 
ly or at any time to assure the required quality and ta 
stabilize it. 


3-6. Manufacturing Process 

As described above, a plan has been established by 
which a satisfactory high quality can be expected at the 
stage of design. Furthermore, at the manufacturing 
stage, quality control is performed most carefully tc 
maintain the quality aimed at the design. Factors which 
influence the quality at the manufacturing stage are 
main materials, manufacturing 


equipment, manufacturing conditions, workers, manu- 


subsidiary materials, 


facturing environments and so on. These factors must 
be controlled at the most suitable conditions. 
1) Subsidiary Materials 

Subsidiary materials such as high purity gas, chemi- 
cals, and deionized water are used in the manufacturing 
process, and those having quality which is suitable for 
the purpose of use must be selected. Inert gas to be en- 
closed in the semiconductor package and other gases 
such as hydrogen and oxygen to be used in the manu- 
facturing process are purchased from specified manu- 
facturer in accordance with the high purity specifi- 
cations especially established hy NEC. Sometimes gases 
are directly sent to NEC factory for use through pipe 
lines éxtended from the gas manufacturer in order 
to maintain the purity of gas and for the economy. 
Chemicals and chemical materials of specific and high- 
est purity are used according to their usage. For in- 
stance, chemicals qualified in accordance with “NEC 
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Semiconductor Specifications’’ which have been spe- 
cifically established by NEC are used to improve the 
quality of products, and this procedure has proved 
quite effective. 
2) Manufacturing Equipment 

Manufacturing equipment of high precision and 
stability is used not only to minimize failure rates, but 
also to reduce the drift in characteristics and to improve 
the reliability. In addition, automated equipment is used 
everywhere possible to prevent humag errors. This 
method has proved to be effective especially in the 
manufacturing of devices and quality inspection. As the 
maintenance of the manufacturing equipment is essential 
to keep the stabilized quality, daily check, and periodi- 
cal check are standarized to keep the precision and ta 
insure normal operation of the equipment. Thus, special 
care is paid to keep the equipment in its best conditions. 
3) Manufacturing Conditions 

NEC enforces check of processing conditions every- 
where in the manufacturing process in order to perform 
perfect control of the manufacturing conditions. This is 
to prevent erroneous processings and malfunctioning of 
the manufacturing equipment, and is effective for the 
speedy adjustment of the mistrocessing, supported by 
the intermediate inspection. This check is also executed 
at the key points in the course cf processing on the most 
effective items at the most effective frequency. Neces- 
sary measures are immediately taken according to the 
check results. The results of check and measures taken 
are kept in records, which are utilized as the data for the 
improvement of process control. 
4) Manufacturing Environment 

Temperature, humidity and dust are important fac- 
tors influencing the quality. Semiconductor devices are 
sensitive to these factors, so the stringent control is ap- 
plied to keep these factors w.thin the required limits 
throughout the manufacturing processes. Humidity is 
a quite important factor, since contaminating even the 
least amount of water influences the quality of the semi- 
conductor devices seriously. Some processings that 
require an extremely low humidity are carried out in a 
dry box maintaining the necessary low humidity. Small 
dirt and dust often affect the semiconductor devices 
having a minute structure seriously. Therefore, a strin- 
gent control corresponding to each grade is necessary 
to prevent them. In the factory, a control based on sti- 


pulations of Fed-STD-209a is applied. For processings 
that require a specifically high cleanliness, clean room, 
clean bench, uniform of special make, etc. are adopted. 
Periodic measurement of dust and dirt in the room and 
over the clean bench is conducted, and if they do not 
meet the standards, the processings are stopped or im- 
proved. 
5) Screening 

As the semiconductor element devices have generally 
sensible structure, even if they may be made under a 
strict quality control and on a high grade line, some sub- 
standard devices which do not meet the quality stand- 
ards would inevitably be mixed with those of standard 
quality due to the distribution of materials and parts and 
processings, as well as the inaccuracy of the manu- 
facturing equipment and other various causes. In order 
to detect and remove these substandard products, sc- 
reening is performed. 


The screening is classified into two, i.e., an accelerat- 


ed aging and characteristic selection. The accelerated ag= 


ing stabilizes characteristics and at the same time detects 
substandard products by applying voltage, heat, mecha- 
nical shock of specified value. After the aging, a comp- 
lete inspection is performed by physical or electrical 
The 


screening can remove substandard products which can 


measurement to remove substandard products. 
not be removed only by the characteristic inspection 
and tends to degrade the quality. Since the stability 
of characteristics of entire products is increased by the 
screening, the reliability is effectively improved by it. 
3-7. Inspection and Other Quality Assurance Activi- 
ties 
1) Inspection and Quality Assurance Activities 

In the manufacture of semiconductor devices, NEC 
has been making a full and continuous effort in build- 
ing reliability into the products as has been described 
above. For this purpose, NEC performs various controls 
putting emphasis on the key points throughout the 
entire manufacturing processes, and verifies and assures. 
the quality at the final examination. A variety of auto- 
matic measuring instruments is used for the intermediate 
test in the manufacturing process to obtain high eftt- 
ciency and at the same time to exclude human errors. 
Results of the inspection are fed back to the preceeding 


process as an important quality information to improve 





the manufacturing procedures. 

At the final stage of the manufacturing process, quali- 
ty assurance. test and warehousing inspection are per- 
formed to assure the reliability and quality of the pro- 
ducts. 

In general, the quality assurance test is roughly clas- 
sified into two, 1.€., initial stage characteristic test which 
assures external view, outline dimension, electrical chara- 
cteristics and so on, and reliability test which assures 
life, failure rates, mechanical strength and so on. These 
tests are performed for almost all of the characteristics 
to be assured usually. However, when the distribution 
of characteristics sufficiently surpasses the standards or 
when the cost of the test is extremely high, the tests 
are sometimes simplified. Even in this case, verfificatior 
test is performed periodically at an appropriate interval. 
Inspection method and inspection item of the quality 
assurance test and warehousing inspection as the final 
inspection differ depending on the feature of the pro- 
ducts and user’s requirements. An example which is 


closest to the standard test method is shown in Table 3. 
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Table 3. Sampling Inspection Plan and Average Outgoing Quality for Initial Characteristics 


Classifi- 


ltem 
cation 


= a 


No Marking, Wrong Configuration 


Open, Short, etc. 


ltem that affect Reliability 
most strongly 


/ Breakdown Voltage >, 
\.Leakage Current, etc. / 


Item that affect Dynamic 
Characteristic most strongly, 
and also affect Reliability 


(hFe, VCE (sat): NV, etc.) 


Item that not affect Reliability 
much, but affect Dynamic 
Characteristics 


(fT, Cob. etc.) 


Item that not affect Reliability 


or Dynamic Characteristic much 


(Appearance, etc.) 


| Inspection 


| 


ee ee 





*Sampling Average 
Outgoing 


Quality 


A0Q0.02% | 


Acceptance 
imit 
Pian Limi 


LTPD 1% 


LTPD 


A00 0.3 % 





 LTPD 


A0D005 % 


a 


LTPD 10 % 


*by MIL-STD-19500 Sampling Inspection Table 


2) Other Quality Assurance Activities 

Quality control system for the manufacturing of 
semiconductor devices is as described above, and a num- 
ber of other quality control activities associated with 
the system are performed. Of these, a few major activi- 
ties will be explained below. 
(a) Periodic Process Test 

Manufacturing process test is performed 1~2 times 
a month for the purpose of checking the actual con- 
dition of standard processing and maintenance condi- 
tion of the manufacturing equipment and measuring 
instrument. In this test, the detection and adjustment 
of discrepancy between the specified processing and 
actual processing, as well as the check of periodical 
maintenance and calibration of the manufacturing equip- 
ment and measuring instruments are performed. In addi- 
tion, manufacturing environments such as temperature, 
humidity, water, gas, dust, etc. are also periodically in- 
spected, 
(b) Utilization of Work History 

Work history in the manufacturing process is record- 
ed in the work history card. The record is utilized as 
follows: 


S4 


(i) Investigation of control condition and feed back of 
the results to the relevant area 

li) Analysis of process quality drift 

Analysis of manufacture total yield rate drift 


_— 
— 
— 


Statistical investigation of process yield rate 


— =, — — 
—- . . 
—_ 


v) Statistical investigation of manufacture total yield 
rate 

(vi) Lot tracing investigation of rejected devices return- 

ed from users 

(vii) Statistical control of the loss. 

(c) Control of Abnormality 

When any abnormality occurred in any stage of in- 
coming, manufacturing and final inspections, it is re- 
ported immediately to the reliability and quality control 
department and also to every other department concern- 
ed, and immediate counter-measures are taken. 

Figure 9 shows abnormality reporting route. Abnor- 
mal lot determination standard is established based on 
the lot distribution status and reliability. Even after the 
establishment of the standard, it is periodically checked 
up with the process capability, and its appropriateness is 
examined. 
in the 


Quality control of semiconductor devices 


manufacturing process has been outlined above, and 
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lacs a ; 


the quality control system is shown in Figure 10. 
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Figure 9. Abnormality Reporting Route 
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Figure 10(c) Manufacturing Process of Plastic Moided 
Diodes 
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Figure 10(d) Manufacturing Process of Glass Package Diodes 


(d) Control System of Engineering Changes 

In order that our semiconductor devices may be used 
with satisfaction by our customers, needless to say 
stable ievel of reliability must always be maintained, and 
in addition, we deem that the improvement of reliability 
to keep up with the requirements of the times is also an 
important factor, 


In order to create a stable reliability level, strict reli- 


ability and quality assurance control is exercised through 
the aggregation of the feed-forward and feed-back of 
date of the principal processes that affect the reliability 
of products, the adoption of improved production 
methods and structural materials for semiconductor de- 
vices in step with the advances of technology, anc the 
study of field data. However, we never rest satisfied with 


once established standards and are constantly making ef- 


ST 


forts to improve the reliability of products to meet the 
requirements of our customers. 

When undertaking revisions of the design or manu- 
facturing processes that are brought about by the above 
improvements, basically the problem is grappled with 
employing the same idea as when developing and mass 





producing new product, and thorough evaluation and 
starting-up control are exercised. Changes in the control 
system brought about by the above revisions will differ 
according to the extent of the revision, an example is 


shown in Figure 11. 


=! _ " : 
When changes are made in Design, Processing, 


“The Case of New Products) 


| Materials, Sources of Purchase, Productianr ) 


Plant or Equipment etc. 





Development — 
Council 






Evaluation 


Pre-Production 








Change Plan 
Dacument 





Poirit of feedback 
depends on the degree } 
of the change. ) 


Starting-up Control Specifications 


@ Drawing up of Specifications of Initial Process Capacity Tests 
@ Drawing up of Specifications of Design Reliability Tests 


Initial Process Capability Test 
Design Reliability Test 













Decision on 
Continuance af 
Mass Production 






Improvement 
Countermeasures 
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of Mass Production 





Feed Forward, Feedbac 
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Countermeasures 
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ee 
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EE (Field Information) 
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Figure 11. Control System for Engineering Changes 
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3-8. Shipment 
Products which passed the final inspection are put in 


a container suitable for storage. Each container accommo- 


dates a fixed number of products and is stored in the 
Product warehouse. These products are controlled so 
that they are not stored in the warehouse too long. For 
shipment, outgoing inspection is performed based on the 
- specification which is set with due care for the quality 
degradation. Devices are packed up in due method such 
as individual divice packing, internal and external pack- 
ing, and are transported in such a best way appropriate 
for delivery 

The control status of storage and shipment is checked 
by periodic patrol of-the quality control department to 
find out problems and to correct them. 


3-9. After-Sale Service 

Field quality information after shipment is an essen- 
tial factor for improvement of product quality. Especial- 
ly, investigation of field failure and feed back of the 
investigation results are the duty and service for custom- 
ers and also these data serve as direct guides to the im- 
provement of reliability and quality. So best effort has 


Sales Department 















R & QC Dept. 
Engineering 
: Dept. 


| R& OC Dept. 








Production 
Dept. 


Sales Department 


Customer 





been made on this point. 

Devices which have failed after shipment are return- 
ed by user’s requirement or NEC request. Sales depart- 
ment investigates in detail the devices used, circuit, pro- 
cess to the failure, and failure occurring condition, and 
makes failure investigation card. The card is sent to 
the investigation department together with the device 
failed. 

The investigation department investigates characteris- 
tics of the returned device and its internal structure ta 
probe into the cause of the failure. The results of the in- 
vestigation are fed back to the user and departments in 
charge of manufacture, to obtain a user's consent and 
to be used for the improvement of quality. Figure 12. 
shows the route of these processings. Collection of in- 
formation, investigation and summing up of field fail- 
ures of semiconductor devices are carried out with co- 
operation of users, and a large amount of data have been 
accumulated. Correlation between these data and forced 
deterioration test, process quality information, inspec- 
tion results and so on are studied, and good results have 
been obtained in improving reliability and quality of 
products. 


#Ciaim, complaint 


e |f required, send devices to 


Product Dept. 


e Failure analysis 
e History analysis 


e Detailed investigation 
e Corrective action 
e Prevention of recurrence 


@ Confirmation 
e Review the corrective action 
e Report the investigation results 


e Answer to the claim, complaint 


Figure 12, Procedure Route for Claim and Complaint 
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4. RELIABILITY OF NEC SEMICONDUCTOR portant points. In addition, high temperature high 
DEVICES humidity test and pressurized vapor test are applied as 

4-1. Reliability Test moisture resistance test for the plastic package of which 
As described in preceding paragraph, NEC semicon- material characteristic is rather important. 

ductor devices are designed, manufactured, managed so 

as to maintain high reliability and quality. Method of 4-2. Example of Reliability Test Result 


reliability test to be performed to verify the reliability Following data show the reliability test results of 
will be described-below. . NEC semiconductor devices. 
The reliability test of semiconductor devices is exe- These test data are evaluated as a whole together with 


cuted mainly in accordance with MIL-STD-750, MIL- the number of failures and check results ‘of the charac- 
STD-202, JISC 7021, etc. Especially for the semi- teristic drift occuring as time elapses, and are used for 
conductor devices, accelerated operating life test at the estimation of field failure rates. 

maximum rating is performed, putting emphasis on im- 


Table 4. Reliability Test (Small Signal Transistors) 
(a) Example of Reliability Test (Small Signal Transistors) 















Correlative Test Method 


























Applied Test ; Number | Acceptance 
Method | MIL-STD- MIL-STD- Condition | of Samples} Number 
JIS C 7021 | 202 /Lot Ac = 


750 




















































































Qa 
Tso| = 23 
Solderability A~2 208 2026 Fsol FeO a 22 0 
| Once with Flux =m _ 
oO 
Soldering Heat | Condition: A Condition: B 2031 | Once without Flux 22 0 
———— a a en a ve A _ a ee ee ees Se 
: onrars | Tstg min. ~ Tstg max. 
Pep waues A—4 407 | 1051 30 min., 30 min. 100 | 7 
Cycling 
30 cycles 
i A-3 | 1056 T.=100~0°C 
Th k a | al 22 0 
een Method: 11 ‘Condition: B | 5 min.,5 min., 5 cycles | 

















Terminal Strength 7 2036 W = 2279,90- 


BPs oes . ne | 11 0 
| (Lead Fatigue) Condition: C | Condition E | 3times _ | | | _ 


os = o 
| | ee Ta = 36 °C, 5% 
Salt Spray be ieak 101 1042 | 24 hours 



















Ta= 25 cr PT max. 
1000 hours 





Steady-State 
Operation 








—— 








High Temperature 









T stg max. 

























































Storage 1000 hours 
tt aes Cees 
Low Temperature B12 7 | Tstg min. 
| Storage | } 1000 hours 
High Temperature | | T,=60 "C, RH=90 %, 1000 hours 
i = | B—11 
COREY i\Condition: Bor Cc | mae | ie ° 
Storage | | Tg=85 C, RH=85 %, 500 hours 
Pressure * | Ta = 125 °C, RH=100 % = 
Cooker | > 2.3. atm., 24 hours | 
. ~ ~ — ee, ae ere “4 
= T,= 100 C, 24 hours | 
| Boiling * - . | 
| his . In Tap Water ae 
_. a 
T,g=25 C,3.5 atm 
Bomb * _ a : " 
o | 24 hours ee ” 
High Temperature* - Tstg max,, 1000 hours 20 0 












Reverse Bias 





| 
t 
| 
; 


VCB max, x 0.8 


* When applicable, this test is performec. 
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} Failure Criterion (Small Signal Transistors} _ 


| Parameter 


Collector Cutoff Current 


Emitter Cutoff Gus rrent 


DC Current Gain 


hee Variation Ratio 





Note 1} USL: Upper Specification Limit 
2) LSL: Lower Specification Limit ‘ 
3) 4Ahee = Initial Value/After Test Value 


(c) Environmental Test Result (Small Signal Transistors) 


3. 


en ee Foe =230 a 39 55 
b ve 
solderability Once with Flux 
soldering Heat ois +f FI 


Tstg = 55 ~ +125 °C 

30 min.,30 min., 30 cycles 
|T,=0~100 °C 

5 min., 5 min., 5 cycles 


Terminal Strength | W=227 gq, 90 
(Lead Fatigue) | 3 times 


Temperature Cycling 


| Thermal Shock 


Ta=35 °C,5 % 
?4 hours os 
= 125 °C, RH = 100 % 
2.3 atm., 24 hours 
| Tg = 100 “C. 24 hours 
Ta Water 


| Tg =25 ne 3.5 atm. 
| 24 hours 


Salt Spray 


Pressure Cooker 


95945 ee een 28A733 
a ] 
peel ae —— 
Condition INurmber of | Total Test 


Number of | Failure Rate" | Number ber of | 7 | Total Test Number of Failure Rate* 
Samples | Time (h) Failure _ 1% /1G00 h} Samples Time fh) | Failure (%/1 900 h) 


= 25 °C P= 250 mv 


ny i 66 
eos 26 V, 1000 hours 1200 | 12x70 


Steady-State Operation 





<== ome ——— —— =H 


Mich Tomperature Storage | T, = 125 “ 1000 hours 2% 108 | OF 1200 _ | 1 2x x 10° 
= eS Se ee eee eee res eee = = 7) ee e = es ee 


Low Temperature Storage | = ==s0 "Cc. Saad hours - : | 07 1200 1.2% 10° 


| 
ati 





High Temperature Ta = 60 "C, RH = 90% , or _ P 
High Hurnidity Storage 1000 hours ¥ : ‘ i | ie 


! 

| 

| 
tT 

| 


_ ; | | sai 
Perec |) ee | ; 600 06x 10 | 


High Temperature a 125 *c. ess 25 V 
| Reverse Bias 





* Confidence Level : 60 % 
**Negative sign for PNP type is omitted. 


Table 5. Reliability Test (Power Transistor] 
(a) Example of Reliability Test (Power Transistor) 


Applied Test Correlative Test Method = 7 Number — Acceptance 


Method MIL-STD- | MIL-STD- Condition of Samples Number 
JIS C 7021 202 750 /Lot Acs 
Tso 230 °C, 5s 


Solderability | A—2 208 2026 Onesie Els 


a A-1 | 210 Ts9i=260 °C, 10 s 
oo BEEING PCAC Condition: A Condition: B iad | Once without Flux 


| Tstg min Tstg max. 
1051 | 30 min., 30 min. 


5 cycles 


aE 


—- | | 1056 Ta=100~0 °C . 
Thermal Shock Condition: B| Smin., 5min,, 5 cycles 


| Terminal Strength . W=227 9,90 : 
(Lead Fatigue) 3 times 


Temperature 
Cycling 





| | . 

A—12 | Ta=35 C,5% 

| Salt Spray | Condition: B Li | 24 hours 

| Steady-State 1026 Tg=25 are PT max. 
Operation | 1000 hours 


High Temperature | | T stg max. 


Storage | | 1000 hours. 





| High Temperature 
| High Humidity 
Storage 


B—11 
Condition: BorC 


| 
| Ts=85 °C, RH=85 %, 1000 hours 


| Pressure | Tg=125 °C, RH=100 % 
Cooker 2.3 atm,, 24 hours 


High Temperature | T stg max,, 1000 hours 
Reverse Bias VcCB max. x 0.8 





(b) Failure Criterion (Power Transistor} 


| Life End Limit 
Parameter Symbol a 
HN, MAX, 


Collector Cutoff Current USL x 2? 





| Emitter Cutoff Current lEBO - | USL x 2 


DC Current Gain hFE LSL x 0.8 USL » 1.2 


hee Variation Ratio AhnFE —25 +50 


Note 1) USL: Upper Specification Limit 
2) LSL: Lower Specification Limit 
3) 4hee = Initial Value/After Test Value 
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bt ee ee a 


a 


(c) Environmental Test Result (Power Transistor) 


ltern 


———— 


"ie 


Solderability 





aie Soldering Heat 


Temperature Cycling 


Thermal Shock 


|} Terminal Strength 
| (Lead Fatique) 


Salt Spray 


—— 















- Type No, 
Condition a 2581098 2SD1589_ 
Number of ; Number of | Number of | Number of | 
_— Samples Failure | Samples | Failure 
po __ allure 
Tso/=230 °C,5s . | 
Once with Flux 352 0 | 352 a) 
Ts91=260 °C, 5s a 
Once without Flux JO2 0 352 
T stg=—-55~ +125 °C | 
30 min., 30 min,, 30 cycles 1600 0 « 1600 
Ta=0~100 “C as | | 
5 min., 5 min., 5 cycles | 352 0 352 
ike nae a me 
W=227 9g, 90 176 | 0 
3 times | 
Ta=35 °C,5% on it 2 


24 hours 


T3=125 °C, RH=100 % 


Pre 
ressure Cooker 2.3 atm., 24 hours 





(d) Life Test Result (Power Transistor) 


____28A1220— id 2802690 | 
| Number of] Total Test | Number of | Failure Rate* | Number of | Total Test Number of | Failure Rate* 
Samples | Time (h) | (%/1000h) | Samples | Time(h) | Failure {%/1000h) | 
So Can & ——— —— — + —— ———————E_ a 
T3=25 C,P7=1.0 W 
/Vep=70 V,1000 hours | 1200 Se 
—-— - -— - - - 


Condition ** 


Steady-State Operation | 1200 © | 1.2.x 108 | 0,076 


High Temperature Storage | T,=150 ad 1000 hours 


1200 | 1.2.x 10° | | 0.076 | 1200 | 12x 108 | 


—_—-——_—-—+ - > or —— 
| 


1.2% 108 | 


0.076 
| Tg=85 °C,RH=85% = | 
| 1000 hours 


High Temperature 


1200 | | 0.076 1200 
| High Humidity Storage | rare 


0.076 


rr 
T,=150 °C, Vep=120 V | 
| 1000 hours | 


High Temperature 
Reverse Bias 


600 | 0.6 x 108 | 0.150 





600 | 06x 10° | 


* Confidence Level: 60 % 
** Negative sign for PNP type is omitted. 
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Table 6. Reliability Test (Plastic Molded Diodes) 
(a) Example of Reliability Test (Plastic Molded Diodes) 


| Applied Test 
Method 


Solderability 


Correlative Test Method 
M)/L-STD- 
750 


Acceptance 
Number 
Ac = 


2 


Number 
of Samples 
/Lot 


——- =——rs oo os = ~ me 


a 
Once with Flux 22 0 


Condition 
JISC 7021 








2026 





Temperature « 
Cycling . 


Thermal Shock 


a 


Mechanical Shock 


Vibration 
(Variable Fre- 
quency) 








Tstg min. ~ Tste max. 
30 min., 30 min. 


30 cycles 





a= 100~ °c Fw 
Laat 5 min., pee Sv ENee 


A co SSO a 


1056 
Condition: ws 








oe 


1500G, 0.5 ms., 3 times 
Each direction at x, ¥ 
and 4 Axis 





100 ™~ 2000 ~ 100 Hz,?0G 
4 min., 4 times, Each direction 








Terminal Strength | 
(Lead Fatigue) 


salt Spray | 


High Temperature 
Storage 


Low Temperature 
Storage 


High Temperature 


Reverse Bias 


High Temperature 
High Humidity 
Reverse Bias 





Condition: D - 
211 | 20 





W = 227 9,90 ° 

3 times 

T3 =35°C,5% 
| 24 hours 





Condition: C | Condition: E 





A~12 , | 
Condition: B 101 | 1041 


| Tstq max. 
as | 10 0 hours 


T stg min. 
1000 hours 


| Specified Vp, Ta 
1000 hours 


B—10 


B-12 





B—13 


Specified VR, T3, RH 
1000 hours 


(b) Failure Criterion (Plastic Molded Diodes) 


Reverse Current 





| Forward Voltage 


Note USL: Upper Specification Limit 
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(c) Environmental Test Result (Plastic Molded Diodes) 









1$2208 (B) 
Condition Number of |Number of 
| samples Failure | 





Tso) = 230 °°C,5s 


solderability | Once with Flux 


| Tstq = —65 ~ +125 °C 
Temperature Cycling et a 30 min ates 


fa oaia thes al ° | 
Thermal Shock Ta 0 100 c | 
| 5min.,5 min., 5 cycles 
- 1500G, 0.5 ms., 3 times 
| Mechanical Shock Each direction of X, Y 
and 7 Axis 


100 ~2000 ~ 100 Hz,20G 
4 min., 4 times 

Each direction of X,Y and 
Z Axis 


| Vibration 
(Variable Frequency) 


Terminal Strength | W=?2?27 9,90 F 
(Lead Fatigue) 3 times 


= —— 
Tg=35 C,5% 


(d) Life Test Result (Plastic Molded Diodes) 














1$2208 (B) 
Number of | Failure Rate* 
Failure (%/1000 h) 


Type No. 
Number of | Total Tes 






! 


| 


High Temperature Storage | Ta 








Item Condition | 





=. ———————— 


125 °C, 1000 h 
= —65 °C, 1000 h 






Low TemperatureStorage 


=f 
| 






High Temperature T, = 125 °C, Vp =28V 
Reverse Bias 










High Temperature 
High Humidity 
Reverse Bias 







Ta = 40 °C, RH = 90 % 
| VR =28V,1000 h 





* Confidence Level : 60 % 
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Table 7. Reliability Test (Glass Package Diodes) 
(a) Example of Reliability Test (Glass Package Diodes) 


Applied Test Correlative Test Method | Number | Acceptance 
| Method MIL-STD- MIL-STD- Condition of Samples} Number 
JISC 7021 | 750 /Lot Ac = 


A-1 210 Ts9|=260 “C, 10s 


Soldering Heat ae ae 
ue Condition: A Condition: B Once without Flux 





Temperature « *_ —_ | | ae, dae Istg max. 
| 5 cycles 


Ta = 100 ~0 °c 


Cycling 


| Thermal Shock 


Moisture Resis- 
tance 
(Cyclic) 


Specified Condition 
(Ta, RH), 10 cycles 





1500G, 0.5 ms., 3 times 


Mechanical Shock oe 1. Each direction of X, ¥ 
Condition: F | ss 
and 27 Axis 


Vibration 

sie Gk A—10 wins 100 ~ 2000 ~ 100 Hz, 20 G 
Condition: D 4 min., 4 times, Each direction 

quency) oO of X,Y and Z Axis 


20000G, 1 min. 
Each direction of X, ¥ 
and 2 Axis 


Terminal Strength 211 2036 W = 227 9,90" 
(Lead Fatigue) Condition: C! Condition: E | 3 times 

. A- 12 Ta* 35°C, 5 % 
Steady-State Ts = 25 ae Specified lo. VR 
Operation 1000 hours 
High Temperature T stg max. 
Storage 1000 hours 
Low Temperature | 

—12 

Storage 


(b) Failure Criterion (Glass Package Diodes) 


Constant A-G 
| Accelation Condition: A 


| T stg min. 
1000 hours 








on en 
Forward Voltage [VE | 


Note USL: Upper Specification Limit 
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(c) Environmental Test Result (Glass Package Diodes) 


Condition iNumber of Number « of Number of Number of 
Samples Failure Failure 


| Tsoi = 260°C, 10s 
|} Once without Flux 


30 min.,30 min.,5 cycles 


= 7 Tg =O ~ 100 "EC 
5 min.,5 min., 5 cycles 


1500G , 0.5 ms., 3 times 
Mechanical Shock Each direction of X, Y 
and # Axis 
100 ~ 2000 ~ 100 Hz,20G 
Vibration 4 min., 4 times 
| (Variable Frequency) Each direction of X, ¥ and 
| 2 Axis | 


| 20000 G, 1 min. 


G tant j j 
onstan Each direction of X, ¥ 


Accelation 


Terminal Strength | W=227 g, 90 . 
(Lead Fatigue) | 3 times 


= 35 °C,5 % 


Paeeey 24 hours 





(d) Life Test Result (Glass Package Diodes) 


f-——. -—-- + : uo = peewee —— Biter —_ 
Condition | Number of | Total Test | | Number of | Failure Rate* | Number of | Total Test | Number of | Failure Rate* 
| Samples | Time ih) | Failure (%/1000 h) Samples Time (h) | __ Failure _ (%/1000 h)} 
= Se ee eS = a os 
T; = 25 C,ig= 100 mA | 
vas 35 ¥, 1000 hours | 


se 


| 
Steady-State Operation 560 =| 5.6.x 10% | O 


——-——- - -- + — — Ee a ——— _-- + = 


High Temperature Storage |T,= 200°C, 1000hours | 560 56x10 | 0 1 1820 a 108 
$<} $$ $f} H acre Biicmierb 


poo 








) i 
Low Ternperature Storage a=- ; 560 | 5.6% 10° | 0 : BRO 


| 6.8 x 10° 


* Confidence Level : 60% 








MFR — Mean Failure Rate — h | 





































ia = . 
25 50 75 100 125 150 175 200 
qj — Junction Temperature — is ss 
(a) Small Signal Transistors 
a CL=60 % 
See ase a 
me 





























MER — Mean Failure Rate —h ! 











MFR — Mean Failure Rate — hb! 











19 '9 = 
25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 20C 
T; — Junction Temperature — ie Tj — Junction Temperature — °c 
{b) Plastic Molded Diodes (c) Glass Package Diodes 


Figure 13. Presumed Mean Failure Rate 
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4-3. Procedure of Failure Analysis manufacturing process, reliability verification test and 
We analyze the failed semiconductor devices found in _ field use by following procedure in Figure 14. 


| Failure or Defect 
Examination of Condition in Use | 


ais 


Measurement of Electrical Characteristics 





















Classification of Failure Mode 


Degradation 


Visual Inspection 






Leak Test 





Baking and/or 
Environmental 
Tests 






Visual Inspection | 
—! 










Measurement of Electrical 
Characteristics of Pellet 





Vieasurement of Electrical 
Characteristics 
















Etching and/or 
other detailed 
Analysis 





AMA Auger 
SEM 
Sectional inspection 


Measurement of Electrical 
Characteristics of Pellet 


Other Detaijied 
Analysis 


Corrective Actions 


Figure 14. Procedure of Failure Analysis 
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5. USE OF SEMICONDUCTOR DEVICES TO 

MAINTAIN RELIABILITY — 

External factors that influence reliability of semicon- 
ductor devices are voltage, current, power, température, 
humidity, dust, gas, vibration, shoek, radiation, etc. In- 
fluential factors are so varied that if the devices are used 
improperly, éxpected reliability will not come true, no 
matter how reliably they were designed and manufactur- 
ed. . 

As shown in Figure 6, 1/3~2/3 of the failed semi- 
conductor devices in use were chiefly damaged by some 
surge or other, and this is consipicuous among the fail- 
ures, Therefore, careful attention should be given to the 
following points in order to use the devices, without 
hurting their inherent reliability. 

(1) The most important factor influencing the reliabili- 
ty of the devices is the temperature generated at the 
junction region in. actual applications. Therefore, for 
the increase of reliability, it is very effective to enhance 
heat dissipation capability by using radiators or to de- 
crease temperature rise in an equipment by improving 
the mounting of devices. 

(2) When power consumption is performed in pulses, 
it is necessary to see that the power or voltage does not 
exceed the absolute maximum ratings of the devices at 
the transient..In particular, when. inductive loads such 
as relays or transformers are used, induced high voltage 
or surge is liable to be generated at ON-OFF operation 
of such devices. So it is very important to pay special 
attention to these points. Some devices have protection 
circuits to meet these conditions. 


TO 





(3) When power consumption is the same; a high oper- 
ating voltage usually causes a high failure rate. An exam- 
ple shows that when the voltage applied to a transistor 
was decreased to 50 % of absolute maximum rating, 
the failure rate reached 1/20 ~ 1/50. 

(4) It ts absolutely necessary to avoid bending strongly 
the roots of leads of semiconductor devices when assem- 
bling or checking them. It is because glass or resin is 
always used at the roots of these leads. If stress is given 
to those parts, the reliability of the devices will be dete- 
riorated. 

(5) In soldering, semiconductor devices must not be 
heated Fastily at a high temperature or for a long time. 
(6) For devices with 
stud, the recommended torque value must be observed 


the semiconductor mounting 
by using a torque wrench or other means; because too 
weak fastening will cause poor heat dissipation, and too 
strong fastening will cause semiconductor devices severe 
damages. 

(7) A semicenductor device is am element that is ext- 
remely sensitive to humidity. Therefore, it is important 
to use such a device packed in an appropriate material 
suited for the degree of ambient humidity and expected 
reliability. 

(8) The environment in which semiconductor devices 
are directly exposed to dust and dirt salt, or acid gas 
such as SO9 gas may be usually the cause of leakage 
between leads and elements or rust. 


PACKAGE DIMENSIONS & STRUCTURES 


in millimeters 
(inches) 






STRUCTURES 


ee  — 


PACKAGE DIMENSIONS 









5.2 MAX, 
(0.204 MAX.) 


Aesir 








Gal Wire 


Gn ) Witeras 


5.5 MAX, 
(0.216 MAX.) 








Chie tf 


TQ-92 


ee 


12.7 MIN. 
(0.5 MIN.) 


| 
2.54 (3.10) 


 /1 
1.27 (0.05) (0,018; 


i 


4.2 MAX. 
(0.165 MAX.) 


| 
i 2 


—_ 





G2Max, 2.2 MAX. 


10.165 MAX, } IO.0O86 MAX } , Resin 
inset l i «4 


se 
T 


Gold Wire ~. 
oe 





va a xa 
am i= 
7 ep Fe: 
un 
a 
<t =04 

(9.016) — 
a | Zz 
Cc) a 
Lu i Chip (Die) 
Cc) l= = 
—-j ‘ - 
O 
= fy 

f. 
— , ‘i 
i - ™ Lead (Iron or Copper} 
<—t 1.27 (0,05) 1.27(0.05) 
i : Ha | aj>-3° 
oo raEeera au 
tj = i-$ 4 7 - © 
Line | 








7.0 MAX. 12 
(0.275 MAX) | 
I 








i 
] 
| 
7 
‘| 


Gald Wire 








0.8+0.1 
(0.031) 











0.6+0.1 
(0.024) 


12.¢ 


SP MOLD 


if) ry SF | @ : 
enelern | 0.5520.1 


a 
> (0.022) 


\ 7 t 5 1 Tak \ 


“ab 
five 
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PLASTIC MOLDED POWER TRANSISTORS 


T2 





PACKAGE DIMENSIONS in millimeters | 


STRUCTURES 
(inches) 










8.5 MAX. 
(0.334 MAX.) 2.8 MAX. 












SS ss. (0.110 MAX.) 
Z| #3.2+0.2(60.126) ae sl i 
= } | | | 
2 Jf Chip (Die) 
3! is 
i s= 
a olf 
ye 






(0.512 MIN.) 


Gold Wire 


_13.0 MIN. 





| 
= 


Lead (Copper) 


+ 10.7 MAX. 


oat 


o@ (0.421 MAX.) 
S 


a. 


4.9 MAX. 
§3.6+0.2 (0.193 MAX.) 
é 0.142) 


= 


1.3402 
(0.051) 


(0.228 MIN.) 
15.9 MAX. 
(0.626 MAX.) 


(0.252 MAX. 
12.5 MIN 
(0.492 MIN.)| 





Lead (Copper) | 
. Base (B) 
. Collector (C) 
. Emitter (E) 
Fin (Collector) 


JEDEC: TO-2204AB 


‘3 MAX 47 MAX. 
412 MAX} (0.185) 









720.2 


1 Base 
2 Collector 


& Emit | 
mitter Zz Lead (Copper) 
a 
Ry, 4.0 «2 ' 
R430 2 Ry Ag 
a 











in millimeters 
(inches) 










PACKAGE DIMENSIONS STRUCTURES 





5.5 MAX. 
63.240.2 (0.217 MAX.) 
(60.126) _ 





19.5 MAX. 
(0.768 MAX.) 





MP-80 


12.7 MIN. 
(0.500 MIN.) 


‘ 







545 
?. Collector (Fin) 
3. Emitter 


PLASTIC MOLDED POWER TRANSISTORS 
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in millimeters 
(inches) 


PACKAGE DIMENSIONS 














: . tog 
eo : Ss oo 
| 4.0 MIN. | PS 40MIN. 


(0.158 MIN.) (0.158 MIN. } 


Zz 
= 
oD 
mai ne 
wn = S , 
4 ) S ’ 
Lu ae 0.65 
— x= 8B (0.026) 
ap) f = 
se oS MARKING 
mS 6 ; : 
a2 — 








wile 
a2 
(0.008) 


|__| 


— 


@4.0 MAX, 
(ip 0.157 MAX. 


0.7 (0.028 









(0.15% MIN 


DISK MOLD TRNASISTORS 





10.0 MIN. 
(0.394 MIN.; 





4-LEADS 





2.5 MAX, 
(0,098 MAX |} 







(o0.157 MAX.) 


O.7 (0.028) 


T4 





STRUCTURES 


Gold Wire 


Gold Wire 
/ 












\ 


i 





in millimeters 
(inches) 


" PACKAGE DIMENSIONS STRUCTURES 


2.0 MAX 

(@ 0.08 MAX.) 
Cathode 
Indication 


Pe ia (Iron) 


met Wire 
pe Dumet 








-Metallization (Silver) 
Chip (Die) . 






| 95MIN." |4.2 MAX. 25 MIN. 


(0.98 MIN 10.18 MAX 110.98 MIN.) 


DOUBLE HEAT SINK 


mode 


Indication 


Cath 





GLASS PACKAGE DIODE 


Lead ” 
(Dumet Wire) = 


377 MIN.) 


2.7 MAX. (00.106 MAX.) 


| 


35 MIN. 


(1. 





Glass ~ 
ue Spring 
= 
= | Cathode Mark : . 
a = eine Metallization 
os (Silver) 


Chip 
(Die) 


i. 
oe) 
= 
LL} 
CL 
>= 
Ss 
< 
= 


— 0.5 (0.02) 


25 MIN. 
(0.984 MIN.) 


0.25 MAX. 
(O.0071 MAX | 
ae 





LU Resin Goid Wire 
CO 
oO 
oO 
Cathode Mark 
0 
Lil 
oO 
_| 
O 
“ | 
= | 
D | 
uy | 
e 0.75 (0.030) Lead iCopper } 
1.2 MAX, (0.047 MAX } _ 
OW . Chin (Die! j 
—e|2 5 (0.098) | 
' j 
1 


(=) 
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DATA SHEETS 


Woes Twin Type 
BUILT-IN RESISTORS Type 
3 JE Series 
for Switching 

DIODES 








in 





j 





ELECTRON DEVICE 





PNP SILICON TRANSISTOR 


DESCRIPTION The 2SA639S) is designed for use high voltage switching 
application. 
FEATURES @ High breakdown voltage BVcerR : -180V 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ..-......... —55 to +125 °C 
Junction Temperature ........... 125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C} 
Total Power Dissipation ..........000 00% 250 mW 
Maximum Voltages and Current (Ta=25 °C) 
Vcspo Collector to Base Voltage.......-180 V 
VceER Collector to Emitter Voltage.....-—180 V 
VeEBO Emitter to Base Voltage... .. eke Ta Oe 
Ic Collector Current ........ ~aes ~ SOMA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





SYMBOL CHARACTERISTIC 


NEE DC Current Gain 

hFE? DC Current Gain 

tT Gain Bandwidth Product 

Cob Output Capacitance 

BVCER Collector to Emitter Breakdown Voltage 
lcBO Collector Cutoff Current 

lEBO Emitter Cutoff Current 

VCE (sat) Collector Saturation Voltage 

VBE(sat) Base Saturation Voltage 


Classification of hre2 


fe 


| 


Q 






| 
== 





30-130 | 100-220 | 150-330 


Test Conditions : Vcg=—6.0 V, I¢=-15 mA 





2SA639S) 





| PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


ia 


3 


5.5 MAX. 
(0.216 MAX.) 








12.7 MIN 
(0.5 MIN.) 


12 MAX. 
(0.165 MAX.) 


1. EMITTER EIAJ : SC-43B 
2. COLLECTOR JEDEC: TO-92 
3. BASE IEC : PA33 









TEST CONDITIONS 


Vee =—-3.0 V, Ilc=-1.0 mA 
Vce=-6.0 V, le=-15 mA 
Vce=-10 V,|le=10 mA 
Vop=-10 V, le =0, f=1.0 MHz 
Ic=—100 wA, Rpe=30 kin - 
Veg =-100 V,!le=0 
Vep=-3.0 V, Ic=0 

Ic =—-10 mA, |lp=—1.0 mA 

lc =—-10 mA, lp=-1.0 mA 
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2SA6399 | | | NEC ttectron nevice 





TYPICAL CHARACTERISTICS (Ta= 25 °C) 


















































COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
-20.-—_— ——— ~20 
MeE=-30¥ | | | Se A ee ee a 
1 aE cima | Sormee a 
—— = = = 
i a 
—5 0 opp er ne l | 
—-- $$ =} — aan a ! 
ae (ee! es ees eae eee & aoe € e 
< | | 2 e 
eee a tet 5 5 
| i. * Se o a 
i =] =] 
5 a ft 
() o a 
= | 
x 2 iS 
i= 
2 
! 
. 
0 ~50 —100 -150 ~200 -—250 
VcE — Coliector to Emitter Voltage —V Vee — Collector to Emitter Voltage —V 
0 ~O.2 —~Q,4 —0.6 -—0.8 —1.0 
VBE ~ Base to Emitter Voltage — V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION VOLTAGE vs. 


COLLECTOR CURRENT COLLECTOR CURRENT 


































































= 
| 
» | Vop=—3.0V 
200 | LI 7 aa 
ane meee | a = 
mannii --+— TTI aL ina an Im 8 Ga . “os a0 = 
e 160 a bo ope en oe tas 75 C tT —— +4 = 6 
ant = = 
= = = 
‘3 be pei ee ee Ls) C++ shal — ba i. tid a oS 
SB 80a g E 
| | \ aS 
J oo 0) an tt rf fr thecal tll 
Li. | | ‘ 
= BQ tt tte tt fe -0.1 a Emee SS SSeS EASES SS OS SE OF ol renee eee meee 
THM Com Crit BS -oosf— tot = en oe 
ioe memeee i | | ee ammo ml eelalal Le Li Eames See i 
0.02 -0.05 -0.1-0.2 -0.5 -1 -2 -§ -10 -20 -50 —0.02 ~0.05 —-01 -02 —O0.4 = —? =5 —~10 —70 ~EQ 
I¢—Collector Current — mA I¢ — Collector Current — ma 
COLLECTOR TO EMITTER VOLTAGE vs. GAIN BANDWIDTH PRODUCT vs. 
BASE TO EMITTER RESISTANCE EMITTER CURRENT 
‘ TUM III te=- 10004] = T 
| ry] ] | | | ©) vee = 
a meee i 7 | 
@ nt tt Ree “ 
= mmaeee | | - om = 
= epee Leet eS 
= | | i | | 1] | | co edt = a Ss a Se ee 
= Aaa ees og Saas oD 
E |; 1] | | | = ae pe = 
Lull ee ee = aS Se a ae 
= meee meee | tt | 3 
5 : TH TT TTT a a 
& <— i t =e iit scalilis dteemaiitiaeteniinaien § ; 7 
& | , weer r ae ae — 
| | | i= SE 57 al 0 5 Da, 
Va TTT a _ 
(=) | |} ia 1. | | 5 10 
= —150! a Jt a ae 
Sk 10k 20k 50k 100k200k 500k 1M 2M 5M 10M lc — Emitter Current — mA 


Ree — Base to Emitter Resistance — 2 
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NEC ELECTRON DEVICE 





INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


i¢=0(Con jaimemete 











Cob — Output Capacitance — pF 
Cih — Input Capacitance — pF 





-~) -2 -5 -10 -20 —50—-100—200 


VcB —Collector to Base Voltage —V 
Vea — Emitter to Base Voltage —V 





2SA6399) 
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ELECTRON DEVICE 





DESCRIPTION The 2SA733 is designed for use in driver stage of AF amplifier. 


FEATURES ® High hee and Excellent Linearity - 200 TYP. 
. hee (Vce =—6.0 V, lc =-1.0 mA) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ..... 2... ~55 to +125 °C 
Junction Temperature ........... +125 °C Maximum 


Maximum Power Dissipation (Ta= 25 °C) 


Total Power Dissipation ..........-..... 250 mW 
Maximum Voltages and Currents (Ta= 25 °C) 

Vcopo Collector to Base Voltage ......... . 60 V 

Vceo Collector to Emitter Voltage ........ -50 V 

Vergo Emitter to Base Voltage ......... nx “ae. ¥ 

le Collector Current «26.0 sc eee se os —100mA 

lp Base Current ........ 9 eh Os aie a ZO 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





SYMBOL CHARACTERISTIC MIN. 


PNP SILICON TRANSISTOR 


2SA733 








PACKAGE DIMENSIONS 


in millimeters (inches) 







5.2 MAX. 
(0.204 MAX.) 
we - ee 





(0.216 MAX) 






12.7 MIN. 
(0.5 MIN.) 






(0.10) ++») 
1.27 eo 








(0.05) = 
scx 
x 
| == 
ies 
+= 
 &£ 
1. EMITTER EIAJ : SC-43B 
2. COLLECTOR JEDEC : TO 92 
3. BASE IEC : PA33 








TEST CONDITIONS 


DCCurrentGain VcE=-6.0 V, Ic=-1.0 mA 
Noise Figure ; Vee =—6.0 V, lc =-0.3 mA, RG=10 kQ, f= 100 Hz 


Gain Bandwidth Product | | | Vce=—-6.0 V, lpe=10 mA 


Output Capacitance Vep=-10 V, le =0, f=1.0 MHz 


IcBo Collector Cutoff Current Vcp=—60 V, le =0 


lEBO Emitter Cutoff Current ut Veg=—5.0 V, Ic=0 


VBE Base to Emitter Voltage Vce=—6.0 V, l¢=—-1.0 mA 





VCE (sat) Collector Saturation Voltage Ic=-100 mA, Ig=—10 mA 


Classification of hre 


Rank | R QO ‘| P 


—_—$ $$} —___—— 


—_—--— 


| 90-180 135-270 _ 





Range 200 — 400 


hee Test Conditions : Vce=—6.0 V, Ic=—-1.0 mA 
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V 


Base Saturation Voltage 


VBE (sat) 


NEC ELECTRON DEVICE | 2SA733 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted ) 


TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 


-~ 100 


mA, 


Ice ~ Collector Current 
pa 
: a) 
Ic Collector Current mA 


— 80 


Py—Total Power Dissipation— mW 





5 f F 50 = EEL es ew iil | 
. Rees i ” “a 0 -0.2 —0.4 —0.6 —O.8 1.0 0 — 10 — 20 =30 — 40 =30 
Ta-- Ambient Temperature— C . ; 
Vege — Collector to Emitter Voltage-—V Veg —Collector to Emitter Voltage—v 
DC CURRENT GAIN DC CURRENT GAIN COLLECTOR CURRENT vs. 
vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT BASE TO EMITTER VOLTAGE 


hee ~ DC Current Gain 














500 +} + Ft 
= 
= : Pf tt t= 
iy 
AO PL os < SE 
- —— = 7 i a Ee 
a v ~ 
(3 i i 
er sor 5 - an raed ace 
| 5 oan 
20 r E ie ae 
S de let 
-0.1 -O.2 -05 1 —-2 f 5=—10 -20 -50 — 1) —01-0.5 -—0.6—1 3 =-§ —-10°=390 -—50—-10 a === 
I¢— Collector Current—mA lc Collector Current mA ae ae 
_ 
—O.] : LJ 
—O04 -05 -06 -07 -08 -09 -1.4 
Vee Base to Emitter Voltage—V 
COLLECTOR AND BASE SATURATION GAIN BANDWIDTH PRODUCT OUTPUT CAPACITANCE 
VOLTAGE vs. COLLECTOR CURRENT vs. EMITTER CURRENT vs. REVERSE VOLTAGE 
-2.07— ‘= EE GE GE ee 100 ; , 
a | weal =10-In | x SS | SS ee ee ttt F120 MHz 
. eds ttt rt TREE Sccoest ewes op 0a | seed ee a 
“A i * +e —+ —2——E———— ee ee ee ae eee SO ae ee t | 
§ 3 Po | | tidy Vor = —-6.0'¥ a saga Gk Ae GE Mk A % 1; SR Se OG 
= = 200 - -+- —— a - + = dieiaieamnamanel i a tp te pe 
>= a a 0 
c a 8 2c ee —— 
pa X iL i a i | 
c o 7 m2 i 10 ——— ——— aeons 
2 = c mt | mannan j T amas — a a 
on z ‘ . + +> + —-$-+>— . + -—>—+—-+—-+—-9 + | ——___ > mt cor 2 ps — = 
. a i) + - a T- > ->-> + +-4 7 Tt 7 YT + TTI = 3.0 —_ aa a imines. a — 
i! ode > =e + 4 a | La 
rs’ G wee ae ae ee =o ———+ 
— x ‘=e > at > -—¢--¢ 9 + * * . . > tre 
ra T 2 20 = oT a 
© . on _ 20 : , i 6 66 oS ‘ ’ ee eee a ae | 
Sa po tte -— ] 2 5 10 20 50 100 1.0L Litit UL 
s r ~— tt <r tiin : le -Emitter Current— m4 -10 -20 —-50 -10 ~20 =50 — 106 
er ao oe Litt =| | EE Veg Collector to Base Valtage—V 
— —} me & +10 -20 50 — 100 


Ic Collector Current— mA 
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SA733 


NORMALIZED h-PARAMETERS 
vs. EMITTER CURRENT 


100 ———— er NORMAL }~ PARAMETERS 


i 


He—Normalized h-Parameters 


Source Resistance— @ 


Re 
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a vcem -6.0 Vie i.0 mA, f= 1.0 kHz 





fu Rie =205, Noe 728 “eS 
CHT ae 
-_— eh. nl 


le —Emitter Current— mA 


NOISE FIGURE MAP 2 


~001-00@ -CB-01 -02 -05—-10 -20 -50 -10 
lo> Collector Current— mA 


NEC ELECTRON DEVICE 


NORMALIZED h-PARAMETERS vs. NOISE FIGURE MAP 1 
COLLECTOR TO EMITTER VOLTAGE 





100 EEE NORMAL h- PARAMETERS 
EAH Vee = —6.0 V, Ip = 1.0 mA, f= 1.0 KHz 
50 —_ PTT yi hie 5.5 2, hea 7.5 x1074 


| TT hin = 268, Moe = SS US 























. a 

S 2} EH TTT ill | 

a aa ay 

: 1 | : 

iat] 10 : Sf iH =e eee = 

is 3 S55: seas sss ae eee & 

fos Sat : 

2 eet t meal a 

Zz 2 L—+~ hoe tH Bani Lun 2 

= | an il i¢ hfe iil = 

& -- 1 eae HHH 2 

G == ep Se Poet Se : 

= 05 -—Nenti—_ thet th a) 

- a BL ti ee or 

= oa {TM Hh Co 

| | | ' | | Hill ! | | 
0) Lt tti ' — ain = l L = a 1 == = ui J 
~0.1-02-05-1—-2 -5-10-20 -—50-100 “001-002 -00~01 -02 -05 -10 -20 





Vcee—Collector to Emitter Voltage—V I~ Collector Current— mA 
















NOISE FIGURE MAP 3 NOISE FIGURE MAP 4 
100 K —— 223, “es — > 

‘ sae o 
50 k : 


Rg-Source Resistance— Q 
Rg Source Resistance 


Rhar!in 
“O01 -0.02 005 -01-02 -05 -10 -20 
Ic Collector Current— mA I¢~ Collector Current—mé 











=i. -1¢ 


~50 -10 


NEC / PNP SILICON TRANSISTOR 
ELECTRON DEVICE | . 2 S A971 5 


a 
| 




















| ianed f in dri 7 f audi ; eae on 
DESCRIPTION The 2SA915 is designed for use in driver stages of audio PACKAGE DIMENSIONS 














frequency amplifiers. cv raitlicnm@tare (inches) 
7.0 MAX. 6 
ea (0.047) 
FEATURES ® High Total Power Dissipation and High Breakdown Voltage: , = TT 
| : cet iY | a 
1.0 W at 25 °C Ambient Temperature/VCEQ = —120 V | “St | | 
~~ 7 <= 
- ® Complementary to the NEC 2SC1940 NPN Transistor. | z 
j pee | ae 
| | 3 | i 
poe a ae = J 
ABSOLUTE MAXIMUM RATINGS 2S } 
i Z| 
Maximum Temperatures 06.0 | =5| 
| 6 0.024) or| 
Storage Temperature ............. —55 to +150 C aa =~3 
Junction Temperature .......... +150 C Maximum | (0.024) 
Maximum Power Dissipation (Ta=25 ‘C) | en 2 gctny 
| eee 095201 
Total Power Dissipation ...................7.0W eS (0.022) 
ou 
Thermal Resistance(Junction to Ambient). . . .125 °C/W A at 
ee 1 ; : = a. es 2 
Maximum Voltages and Currents (Ta=25 C} 1. EMITTER So 
| : ee 2. COLLECTOR 
Vcso Collector to Base Voltage .......2.. —120 V a aan 
Vceo Collector to Emitter Voltage ........ —120 V . - a | 
Vego Emitter to Base Voltage ........... ~5.0 V 
le Collector Current ........-.... —50 mA 
lp Base GUrent x0 0hd ee eo eure —10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC Oo Dp, MAX. UNIT TEST CONDITIONS 


ee ee eee ——$———— 


sr ores —~-—~+ = 


i hee; : Dc Current Gain “90 | 400 = Voce = —10 V, Ic = -—10 mA 
hreeo De Current Gain ore Vee =—10V,Ii¢g = -1.0mA 

fT Gain Bandwidth Product Voce = —10V, le =10mA 

Cob Output Capacitance : Veep =—10V, le =0,f = 1.0 MHz 
IcBo Collector Cutoff Current Vcep= —120 V, le =0 

lEBO Emitter Cutoff Current Veg=—5.0V,Ic=0 

VBE Base to Emitter Voltage Vce=—10V, Ic =-—10mA 


VCE (sat) Collector Saturation Voltage lc = —20 mA, |g = —2.0MA 
Ic = —20 mA, Ip = —2.0MA 





VBE (sat) Base Saturation Voltage 


Classification of hee 4 


L 


135-270 | 200 — 400 





hfe, Test Conditions: Vce=—-10 V, ic=—-10 mA 
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2SA915 


TYPICAL CHARACTERISTICS (Ta=25 “C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


PT —Total Power Dissipation —W 





0 50 100 150 200 250 


Ta—Ambient Temperature — T 


COLLECTOR CURRENT vs. | 
COLLECTOR TO EMITTER VOLTAGE 


Il¢ —Collector Current—mA 





Vce —~Collector to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT | 







i¢ = 10+lg 
Pulsed 


Li Tl 


Collector Saturation Voltage —V 


VCE (sat) 


-0.1-0.2 -0.5-1 -2 5 —10 -20 —50~-100 
ic —Collector Current—mA 
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Ic —Collector Current—mA 


Base Saturation Voltage —V 


VBE (sat) 





= 10 20 — 50 - 100 





SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE 
METHOD] 


duty cycle Ss? %] 


— 200 








— 300 
Voce —Collector to Emitter Voltage —V 
COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 

100 — —— —_— 
—— — Vog = —10v 
50 4— caw Ga ees Pulsed 
i ae ee a Ex 
TTT TET 
~20 | > ee ae ae 

« | Viel im 

E — 10 

sg on 

= ——— f+ +4 + 

af 5 | a ae SF 

tee =e eee i= 

oO oe oe = 

5 | ; 

oO a TT T_T 

2 

[=] f | 

oo 7 l A ES —t— - —_————t — 

1 a a es ' 

1 - 





=—O.1! —i — . 
—0.5 0.6 -0.7 —-0.8 09 -1.0 


Vee —Base to Emitter Voltage —V 


BASE SATURATION VOLTAGE 


Ic = 10+lg 
Pulsed 


G3 -0.2—-0.5 —L. -Z 5° 10-20 —50 —100 


lc —Collector Current—mAé 


lc —Collector Current —mA 


hee —DC Current Gain 


“MHz 


ft —Gain Bandwidth Product 





NEC ttectron nevice 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





Vee —Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


a ee 


s snLsInC hE een ee a 


-9,1-0.2 -0.5-]} —2- —5 —10—20 —50-100 


ic —Collector Current —mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


1000 






. ™ “2 

tt . 
ee ee a 
a eee 


: s 
OO : 7 —— ft 
| 


a 


0.10.2 05 1 2 5 10 20 §0 100 
le —Emitter Current—mA 


NEC ELECTRON DEVICE 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
1()_ _ _—— eee esse 


ee oe oe oo os oo hr i : f=1. OMH2 
| ee 






Cib—Input Capacitance —pF 
Cob — Output Capacitance —pF 


Gb i, — sai 3 aati 
— +H oH 
: i; Ob ig | 
~Q) 
¥ eae 
; 1 : 


—1 2 —5 —10—20 —50—100—200 —500—1000 
Vcp—Collector to Base Voltage—V 
VEp —Emitter to Base Voltage —V 


2SA915 
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ELECTRON DEVICE 








DESCRIPTION The 2SA916 is designed for use in driver stages of audio 
frequency amplifiers. 
FEATURES ® High Total Power Dissipation and High Breakdown Voltage: 
-+ . 1.0 W at 25 °C Ambient Temperature /VCEQ = —160 V 
~ @ Complementary to the NEC 2SC1941 NPN Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............. —55 to +150 C 
Junction Temperature .......... +150 C Maximum 
Maximum Power Dissipation (Ta=25 ‘C) 
Total Power Dissipation .................., 1.0W 
Thermal Resistance(Junction to Ambient). . . .125 °C/W 
Maximum Voltages and Currents (Ta=25 ‘C) 


Vcgo Collector to Base Voltage .......... 160 V 
Vceo Collector to Emitter Voltage ........ —160 V 
Vego Emitter to Base Voltage ........... —5.0 ¥ 
lc Collector Current ............. —50 mA 
lp Base Current ..... ..ss-eee-0- —10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 






SYMBOL CHARACTERISTIC 

heey OC Current Gain 90 200 400 
hee? DC Current Gain 30 200 

fT Gain Bandwidth Product 50 30 

Cob Output Capacitance 20 3.5 
IcBO Collector Cutoff Current -100 
leEBo Emitter Cutoff Current -100 
VBE Base to Emitter Voltage -650 -695 -750 
VCE (sat) Collector Saturation Voltage -0.18 -0.6 
VBE(sat) Base Saturation Voltage - 0.79 -1.0 


Classification of hegE 4 
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PNP SILICON TRANSISTOR 


2SA916 





PACKAGE DIMENSIONS 


in millimeters (inches) 








7.0 MAX 12 
(0.275 MAX.) 6 


— 






4 





9.0 MAX 
(0.354 MAX, 






— 


12.0 MIN. 
(0.473 MIN.) 










1.7 L.7 
(0.067) " “~~ (0.067) 0.55+0.1 
(0.022) 






4.0 MAX. 
(1.147 MAX.) 





. EMITTER 
. COLLECTOR 
. BASE 








aa Se 






TEST CONDITIONS 
VcE =—10V,Ilc=—10mA 






VceE=—10V, lo =—-1.0mA 






MHz = Vce=—10V, le =10mAé 






pF Vop = —10V, le = 0, f = 1.0 MHz 










nA Vcp = —-160V,le=0 

nA Vep = —5.0V, Ic =0 

mV VceE=—-10V,Ilc=—-10mA 
Vv I¢ = —20 mA, Ig = —2.0 mA 
V Ic = —20 mA, Ig = —2.0mA 





NEC tzecrron vevice : 2SA916 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


| SAFE OPERATING AREAS 
TOTAL POWER DISSIPATION vs. (TRANSIENT THERMAL RESISTANCE COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE METHOD) COLLECTOR TO EMITTER VOLTAGE 








= <x 
| = = 
S | L 
3 [= 2 
o E = 
é 7 6 
: - § & 
a rf ® 
rs =, 
3 : | 
T Q © 
a | | | | 
0 50 100 150 200 250: 10 20 50 [00-200 — 300 0 —2 -4 -6 -8  —10 
Ta—Ambient Temperature — T VceE —Collector to Emitter Voltage —V VceE —Collector to Emitter Voltage -V 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 
(1 SER usec 
| F iT 
ri oT 
c= i . | al as 
i oe 
Te 
= | 
_ om é E 
a | a | 5 : + 
= 
ie | 1 < S a Hit {+ 
o —4} a a Ot 7 Tt ——- +4424 
2 - 3 PE 
$ fi Ps a 
| a & _ | | | || 
2 ?F g L 
a ; | | | | 
0 ~=20 4g 80 100 L=) 0.1-0.2 -0.5 -1 -2 —-§5 -10 -M% —-50-10 


Vce Collector to Emitter Voltage —V 


ic —Collector Current—mA 





-0.5 -0.6 -0.7 -0.8 -0.9 —1.0 


Vae —Base to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE GAIN BANDWIDTH PRODUCT vs. 
vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT EMITTER CURRENT 


LOO 
Ic =10+lp 


lc =10-lp =e 
“SCOT TT rs Pulsed 


Pulsed 500 t- 


ft —Gain Bandwidth Product —MHz 
8 


20 
0.02 ) 
~0,01 

0 





VBE (sat) Base Saturation Voltage —V 





VCE(sat) Collector Saturation Voltage —V 


01 Pi | Lui | | a LL Lit 
—0.1-0.2 -0.5 -1 -2 -§ -10—-20 —50—100 1 —0.2 -0.5 -1 -2 —5 —10 —20 —50-100 0.102 051 2 45 10 20 50 100 


Ic —Collector Current —mA Ic —Collector Surrent—mA le - Emitter Current mA 
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2SA916 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


Cj, --Input Capacitance —pF 
Cop —Output Capacitance —pF 





Veg —Collector to Base Voltage —V 
VegR —Emitter to Base Voltage —V 
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NEC ELECTRON DEVICE 












iD) 


ELECTRON DEVICE 


PNP SILICON TRANSISTOR 


2SA952 








DESCRIPTION The 2SA952 is designed for use in output stage of portable radio 





and cassette type tape recorder, general purpose applications. PACKAGE DIMENSIONS 
in millimeters (inches) 
5.2 MAX. 
FEATURES @® High total power dissipation. — (0.204 MAX.) 
P+ = 600 mW 
= ® High hee and low VcE(sat)- ie see 
hee (Ic = -100 mA) : 200 TYP. He 
VceE(sat) (-700 mA) : —0.25V TYP. a 2 
f * 
ABSOLUTE MAXIMUM RATINGS iz 
Maximum Temperatures == 
storage Temperature ................ —55 to +150 °C Ne 
Junction Temperature ............. +150 °C Maximum a 
Maximum Power Dissipation (Ta=25 °C) = 
Total Power Dissipation .......,......00.: 600 mW x “ 
Maximum Voltages and Currents (Ta=25 °C) fe re 
Vcspo Collector to Base Voltage .......... —-30 V Ss 
Vceo Collector to Emitter Voltage........ —-25 V 
2 | 1. EMITTER EIAJ :SC-43B 
Veso Emitter to Base Voltage ........ ... -5.0 #V 2.COLLECTOR JEDEC: T0-92 


lc Collector Current............ .... —700 mA 3. BASE IEC =: PA33 
Ip Base Current ..........2..5-+0+. —150 mA 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
heed" DC Current Gain 90 200 400 -~ Veg ==10 V, Ip =-100 mA 
hee” DC Current Gain 50) 100 - Vee =-1.0 V, Ic =- 700 mA 
Cu. Collector to Base Capacitance 17 40 pF oe a pit V, le=0 

fy Gain Bandwidth Product 50 160 MHz Vce =-6.0 V, Ip =10 mA 
Vee“ Base to Emitter Voltage —600 —640 —700 mV Vce=-6.0 V, I¢=-10 mA 
VCE (sat) * Collector Saturation Voltage —0,.25 —0.6 V ic =—700 mA, Ig =-70 mA 
VBE Isat)” Base Saturation Voltage —0.95 —1.2 Vv Ic =—700 mA, Ip =—-70 mA 
IcBo Collector Cutoff Current _ =100 nA Vep =—30 V, Ip =0 

lEBo Emitter Cutoff Current —100 nA Veg =—5.0 V, Ic =0 


* Pulsed PW = 350 us, duty cycle = 27.0 % 


Classification of heey 







a aAk - I — L | K 


hee Test Conditions : Vcp =-1.0 V, lc =—100 mA 
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2SA952 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


In free air 


Py —Total Power Dissipation —W 





QQ 235. 60 75. -100-125 «150175 
Ta—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


ne 
} 
| 
t 
y 


—800 






lc —Collector Current—mA 


i =04 -0no Ske Se Soe 
Vere —Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


a ee es a 


Ic=10-ig . 
Pulsed 
















I — HH ——— = 
= — 
pn fen 


Hii 
—O. _= SSeS eich pte ge® snes 








-Collector Saturation Voltage—V 






0,005 =e 


sat) — Base Saturation Voltage—V 





— of th at 

H | | | i cet neat it 
wt nial meal 
2 © 900) Cine STIS I ny 
aia ~0.1 1.0 ~10 190  —1000 


Ic —Collector Current— mA 
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Ic —Callector Current —mA 


I; —Collector Current—mA 


Voge —Collector to Emitter Voltage —V 





SAFE OPERATING AREAS 


(TRANSIENT THERMAL RESISTANCE) 





-——___—_ —__ —— -_- - 


=1 6-2 -§ —10 —20 —50 
Vee —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





Oa —0.5 —0.6 —0.7 —08 —09 -1.0-i1.1 


Vag —Base to Emitter Voltage —V 


COLLECTOR TO EMITTER VOLTAGE 
vs. BASE CURRENT 


=f 1-02 —-0.5—-1 —2 —5 - 
Ip —Base Current—mAéA 


ELECTRON DEVICE 


NE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Ie —Collector Current— mA 





Vop—Collector to Emitter Voltage —W 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


FH Vce=—1.0 VI 


— oe 
Samal asia Pulsed 






S 

a 1000 Se ——————— ee —— a a 

o =e Ss 

S 300 SS Hit 

Y ——— ——sanatal 

2 sus = 

3 100 Sea aut 
sat aaa SSS Se seemearsessi: 
a ii eeeatte 

kg SS etiiieean 

a oe 


=—0.1 -- 1.0 10 130 
Ic — Collector Current— mA 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


fr —Gain Bandwidth Product —MHz 





1 2 5 10 20 50 100- 
l- --Emitter Current —mA 


NE Cc ELECTRON DEVICE 


EMITTER TO BASE AND COLLECTOR TO BASE 


CAPACITANCE vs. REVERSE VOLTAGE 


Le a as es ee 
a eee Pa ros f= 1.3 hye 
I i 
LT eae 2 | eg re | 
| ai ee a AAR sala ales seem t Lf 
Lt ] 1 i ke | | |. i} 1 dt 
j coef mt te 4 . 
$8 See e! CTTR Bell 
= = 30) _— - ‘ 7 = f=0f $. Hit | mi + TH 
ae | | i I | | | 
‘O a SS eee ae tt z- oe 
2 8 | Tree 
& li] mat oy 
ao | Ta 
zt op ———————————— at 
aS A a a =f. | 
| aa = A = (Me i 
fo a oo oe tt 
eal a a a ee 
eo | | 
i et - 
~ $$ 1i 1] | 
a rz) SC |} — + - et lt sa a 
bs 
+ 2 | 
i= o a ee a i | 7 ee . 
uj © | Sat 
oO oe | | Vf 11 | | 
5 1.0 : L | 
on. 0.1 =L.0 —10 — 100 


VeR—Emitter to Base Voltage —V 
Veg —Collector to Base Voltage—V 


2SA952 
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PNP SILICON TRANSISTOR 


2SA953 


t Dy 


ELECTRON DEVICE 








DESCRIPTION The 2SA953 is designed for use in driver stage of high voltage 
audio equipment. PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES ®@ High total power dissipation. 
P+ = 600 mW 

“[~  @ High hee and high voltage. 
hee (Ic = —50 mA) : 200 TYP. 
VcEO : -60V 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





Storage Temperature ..... ee eeeeanls —55 to +150 °C 
Junction Temperature ............. +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation ..............000 600 mW > 
Maximum Voltages and Currents (Ta=25 °C) : 
Vcpo Collector to Base Voltage .......... —60 V =| 
Vceo Collector to Emitter Voltage........ —60 V 
Vepo Emitter to Base Voltage ........... 25.0 V z poeieeron pa nae | 
lc Collector Current. ............04. —300 mA [eter eS See 
lp Base Current ........ ee eee oaas —60 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
DC Current Gain : | ‘ Vce =-1.0 V, Ice =—50 mA. 
hee" DC Current Gain Vce =-1.0 V, lc =—300 mA 


Vcp =—6.0 V, Ie =0, 
f= 1.0 MHz 


fr Gain Bandwidth Product NV Vce =—6.0 V, le =10 mA 
VBE Base to Emitter Voltage Vce =—-6.0 V, Ic =-10 mA 
VCE (sat) * Collector Saturation Voltage Ic =—-300 mA, lp =—-30 mA 
VBE(sat) * Base Saturation Voltage lc =-300 mA, |p =-30 mA 
ICBO Collector Cutoff Current Vcp =—60 V, Ic =0 
lEBO Emitter Cutoff Current —100 , Veg =—5.0 V, Ic =0 









Cob Collector to Base Capacitance 


+ 





* Pulsed PWs 350 us, duty cycles 2.0 % 


Classification of hfe, 


M . L 
90-180 | 135 — 270 “200 — 400 _ 






hfe Test Conditions : Vee =—1.0 V, lc =—50 mA 
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BASE AND COLLECTOR SATURATION VOLTAGE 


VE. 


VBE(sat)~ Base Saturation Voltage— Vv 


NV. EC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


In free air 


Py — Total Power Dissipation W 








175 


125 
Ta—Ambient Temperature— ‘°C 


50 75 100 150 


COLLECTOR CURRENT vs. | 
COLLECTOR TO EMITTER VOLTAGE 


—20- 


\ / 
eS ED 2° Te a 


i; — Collector Current— mA 


B=-10 wA 
poe Beatle 





-20 -30 -40 50 
Vee — Collector to Emitter Voltage—V 


COLLECTOR CURRENT 


See 
wa 
11} || 
4yuny 
weal 





=j =100 
I¢— Collector Current— mA 


VCE(sat)~ Collector Saturation Voltage V 


fy —Gain Bandwidth Product—MHz 


mA 


lc — Collector Current- 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) 


= 1000 peer 


599 Muy cycles 2 %| 














— 200 


ee ee 
Eee eee 
ee 


lc — Collector Current— mA 






— |) 


nae -2 —50— 100 


~20 
Vee —Collector to Emitter Voltage—V 


-5 -10 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 




















-oiLt1i | | eS | 
-O04 -05 -0.6 -07 -08 -0.9 -1.0 -11 
Vap—Base to Emitter Voitage—V 


GAIN BANDWIDTH PRODUCT 
vs, EMITTER CURRENT 


7 


eal rae ins 





1 2 5 10 
le —Emitter Current— mA 


Cip— Emitter to Base Capacitance — pF 


Cob” 


—Collectar Current— mA 


Ic 


hee -OC Current Gain 


2SA953 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
~500 


' 


' 
| 
———— > ne —— 


= Ets | - | —— i as = 
400 —-45 | | [ 
} -~40O 


: Zn es Se SES SE | 
T Zs ~ 35 T 
“‘“YYy 


: 


— 2.5 —+—_—__-+>_ + 


20 


——+ 


YO : ae) ee ee 
y —=1.5 | 
at —— pt +p—+ 

| -10 > 7s 

. al GS GSES ta iy 

-0.5 mA 7 = 


i 
oa 


i/ f | 


- ial a 


| 


IR= 










OS Ad TD bea a S58 
Vce—Collector to Emitter Voltage~V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


PHA tt et pnt 1.0 V 
i } = 
2 +++444——+-+ TTT ——+ -- oe 
| | j 1d] 
—$—F—- 9+ + +44 — 19-0 w+ sep SSS aes 






~100 
ic —Collector Current— mA 


—] ~10 





EMITTER TO BASE AND COLLECTOR TO BASI 
CAPACITANCE vs. REVERSE VOLTAGE 


‘Collector to Base Capacitance— pF 





VeR— Emitter to Base Voltage—V 
Vcg—Collector to Base Voltage—V 


95 





EK 


ELECTRON DEVICE 








DESCRIPTION The 2SA954 is designed for use in driver stage of high voltage 


audio equipment. 


FEATURES ® High total power dissipation. 
Pr = 600 mW 

“~ . @ High hee and high voltage. 

| hee (lc =-50 mA) : 200 TYP. 
Vceo : -80 V 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


PNP SILICON TRANSISTOR 


Storage Temperature ................ —55 to +150 °C 

Junction Temperature ............. +150 °C Maximum 
Maximum Power Dissipation (Ta =25 °C) 

Total Power Dissipation ...........0.02005 600 mW 
Maximum Voltages and Currents (Ta=25 °C) 

Verso Collector to Base Voltage .......... -80 V 

Vceq Collector to Emitter Voltage........ -80 V 

Vego Emitter to Base Voltage ........... “5.0 V 

Ic Collector Currant..........0eee ee es —300 mA 

lp Base Current. .6icsci ans weseeeeess =—60 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 “e) 
| SYMBOL CHARACTERISTIC 







hre1* DC Current Gain 
hFE2* DC Current Gain 


Cob Collector to Base Capacitance 


fr Gain Bandwidth Product 
VBE” Base to Emitter Voltage 
VCE(sat)” Collector Saturation Voltage 
: VBE(sat)” Base Saturation Voltage 
| IcBo Collector Cutoff Current 
lEBO Emitter Cutoff Current 


* Pulsed PW = 350 us, duty cycleS 2.0 % 


Classification of heey 


ee ee 
90 — 180 135 — 270 200 — 400 | 


hee Test Conditions : Voge =—1.0 V, lc =—-50 mA 
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2SA954 









PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


| ee 


: 







; MM 
7S 
S= 
es 
ua oO 
| & 
z 
= 
par om 
La | 
x= = 
= 
2.54 = 4 
(0.10) ~ 2 
1.27 rs 


Se| 
7. 
e° 
(0.5 MIN.) “©. ; 


(+ 
42 MAX. | 
(0.165 MAX.) 


1. EMITTER EIAJ :SC-436 
2. COLLECTOR JEDEC: TO-92 
3. BASE IEC : PASS 





_ TEST CONDITIONS 
Vce=-—1.0 V, lc =—50 mA 
Vce =-1.0 V, Ic =-—300 mA 


Vcp=-6.0 V, le =0 
f=1.0 MHz 


Vce =—6.0 V, lE=10 mA 
Vce=—6.0 V, Ic =-10 mA 
Ic =—300 mA, Ip =—-30 mA 
ic =—300 mA, Ip =~30 mA 
Vcpg=—80 V, I—E=0 

Veep =—5.0 V, Ic =0 






NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta= 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


0.7 


In free air 


PT—Total Power Dissipation —W 
r= oS a = o 
me lok > in cn 


o 
— 





0 2 50 75 100 125 150 175 
Ta—Ambient Temperature —*C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


+ aa Sabad (6 —_——_- 


ip=~10 nal | 


ic —Collector Current—mA 





0 —10 —2) 
Vce —Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION VOLTAGE 


vs. COLLECTOR CURRENT 





VBE(sat)~—Base Saturation Voltage —V 
VcE(sat)—Collector Saturation Voltage —V 


— 100 


~ 7 
ic —Collector Current—mA 


25 °C unless otherwise noted) 


SAFE OPERATING AREAS 


(TRANSIENT THERMAL RESISTANCE) . 


$j _—____— 





lc —Collector Current —mA 





ae 
| 





| 


—50 
Vce —Collector to Emitter Voltage —V 


~l| —- -5§ -W -%# 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


lc —Collector Current—mA 





—O5 —06 -07 -02 —05 -10 -11 
Vpe—Base to Emitter Voltage—V 


04 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 








(WDD —=[—S—S=——ET 
SS — Vr =—-6.0 0 
300 5 Se TT TTT 
a weotemrananmeees 
200 +-—— 4+ Ht —<——- 
| nae ull 


=—====:: 


ft —Gain Bandwidth Product — ie 





l— —Emitter Current—mA 


l¢ —Collector Current—-mA 


hee —OC Current Gain 


Cib —Emitter to Base Capacitance —pF 


2SA954 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





Vce —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





lc —Collector Current—mA 


EMITTER TO BASE AND COLLECTOR TO BASE 
CAPACITANCE vs, REVERSE VOLTAGE 


100 ———— ro 
Pea meant 





Cob—Collector to Base Capacitance —pF 


VeR—Emitter to Base Voltage—V 
Veg —Collector to Base Voltage—V 
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PNP SILICON TRANSISTOR 


2SA987 






NEC 


ELECTRON DEVICE 








DESCRIPTION The 2SA987 is designed for use in an AF amplifier and general 
purpose, PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


FEATURES _ ® High hee. hee : 400 TYP. (Vce =—6.0 V, Ic =— 1.0 mA) 
@ Complementary to 2SC1840. 


— 

a 
= 
== 
wu 
i oy 

2 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............... —55 to +125 °C 


12.7 MIN 
(0.5 MIN.) 


Junction Temperature ............ +125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation ............6.-506. 500 mW 





a 
F a 

Maximum Voltages and Currents (Ta=25 °C) <5 

uw} 

™ w 

Verso Collector to Base Voltage .......... .. 740 V ‘2 
Vceo Collector to Emitter Voltage ...... ios, “25: V 
itter to Base Voltage .......... . 5.0 V 

Vepo Emitter to Base Voltage 9.0 1,EMITTER EIAJ ; SC-43B 

ft 0 mA 2. COLLECTOR JEDEC : TO-92 

le Collector Current .... 3. BASE IEC : PA33 
lp Base Curent oc ck iw ew eee ee awd ... 720 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 

hFe4 DC Current Gain 150 380 — Vce =-6.0 V, Ic =-—0.1 mA 

| heeg DC Current Gain 200 400 800 = Voge =—6.0 V, Ic =-1.0 mA 
fT Gain Bandwidth Product 50 90 MHz Vee =—6.0 V, lE=1.0 mA 

Cob Output Capacitance 5.5 10 pF Vcp=-10 V, le =0, f=1.0 MHz 
ICBO Collector Cutoff Current —50 nA Vcp =—40 V, Ie =0 

lEBO Emitter Cutoff Current -50 nA Veg =—5.0 V, Ic =0 

| Vee Base to Emitter Voltage -0.55 -0.60 -0.65 V Voce =—6.0 V, Ic =—1.0 mA 
VCE (sat) Collector Saturation Voltage -0.18 -0.50 V lc =—100 mA, Ip =—10 mA 


Classification of hrez 





NEE Test Conditions : Vcg =—6.0 V, Ic =-1.0 mA 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


pt tt | tt in free air 
ets 


600 





PT —Total Power Dissipation — mW 
Po 
=) 


50 75 100 125 
Ta~ Ambient Temperature —°C 


15d 


= 25 °C unless otherwise noted) 


COLLECTOR CURRENT vs. . 
COLLECTOR TO EMITTER VOLTAGE 


l¢- Collector Current — mA 





—20 
VCE — Collector to Emitter Voltage—-V 


COLLECTOR AND BASE SATURATION 


VOLTAGE, DC CURRENT GAIN vs. 
COLLECTOR CURRENT 







aH Ic =10-lg 


a) Vee = -6.0 V 
cry “ce ailged 


oe a 
a eS Se ee ee ee eee oe ee 
a eee ee ee oe ee 


VBE(sat) ~ Base Saturation Voltage —V 
VCE(sat)— Collector Saturation Voltage —V 


—0.01 
—O1 -O2 mi ~Z 


~§ -10-20 -50- 
l¢— Collector Current —mA 







10 
100 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


H+ il +++ +H H+} 
—— 
ft =ans 
— —— ao oe 


hee -DC Current Gain 
ft -— Gain Bandwidth Product — MHz 


Oto 


05 1 2 2] 
iE — Emitter Current — mA 





Ic ~ Collector Current —mA 


Cob — Output Capacitance — pF 





0] ; ; . 
—0.2 -0.3 -—0.4 —-05 -—0.6 -—0.7 -—08 -—09 — 





2SA987 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


VBE — Base to Emitter Voltage —\¥ 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


eS =. 
$f tt 
Vas cee a 


-§ -l -20. 
VcB —Collector to Base Voltage—V 


-—50 — 100 
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PNP SILICON TRANSISTOR 


2SA988 


NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SA988 is designed for use in driver stage of AF amplifier. 
PACKAGE DIMENSIONS 


i in millimeters (inches) 
FEATURES ® High Voltage. VegeQ :—-120 V 55 MAX. 
® Low Output Capacitance. Cop : 2.0 pF TYP. (Veg =—30 V) (0.204 MAX.) - 


‘t+ @ High hee. hee : 500 TYP. (Voce =—6.0 V, Ic =—1.0 mA} | | 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


5.5 MAX. 
(0.216 MAX.) 


| 


Storage Temperature.............. —55 to +125 °C 


Junction Temperature .......... +125 °C Maximum 


12.7 MIN 
(0.5 MIN.) 





Total Power Dissipation .............. 500 mW 
Maximum Voltages and Currents (Ta=25 °C) St 
; = 
Vcpo Collector to Base Voltage .......... —120 V 2 
Vceo Collector to Emitter Voltage ....... aa ae S 
Vepo Emitter to Base Voltage ............. —-5.0 V 
| . | 1. EMITTER EIAJ 
Ic Collector Current .. 06.5 ....-...5.- -50 mA 2. COLLECTOR JEDEC: 
| 3. BASE 1EC 
lp Ges Te ECOG an 5 dacto oe ay cere Hy Gorse gs dog owl ww Kins -10 mA 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 

hFEq DC Current Gain 150 500 = Vce =-6.0 V, Ic =—0.1 mA 
hre? DC Current Gain 200 500 800 = Vce =—6.0 V, Iq =—-1.0 mA 

fr Gain Bandwidth Product 50 100 MHz Vce =—6.0 V, Il—p =1.0mA 

Cob Output Capacitance 2.0 3.0 pF Vcp=—30 V, le =0, f= 1.0 MHz 
IcBO Collector Cutoff Current —50 nA Vcp=—120 V, Ile =O 

leEBo Emitter Cutoff Current —50 nA Vep=—5.0 V, Ic =0 

VBE Base to Emitter Voltage -0.55 -0.61 —-0.65 V Voce =—6.0 V, Ic =-1.0 mA 


VCE (sat) Collector Saturation Voltage —0.09 —0.30 V Ic =-10 mA, Ip =—-1.0 mA 


Classification of hee2 





| 400 — 800 


hfe Test Conditions : Vce =—6.0 V, Ic =—1.0 mA 





100 








NEC tcectron vevice a 2SA988 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 
















0 25 50 75 100 125 = 150 _t 
Ta—Ambient Temperature—*C 2 oe ae ee ee a —0.2 -0.3-04-05 -06 -07 -08 -09~10 
VCE —Collector to Emitter Voitage—-V VBE — Base to Emitter Voltage — V 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
= 500 
E = 
. < < 
2 400- oe 
a < = 
3 = 
© 300F 3 S 
= 3 8 ===> 
5 a 9 — — 
a& 200b 3 2 =a 
PEEP 
1 100 z = i SEEE 
F RSS 
CeCe 


COLLECTOR AND BASE SATURATION 
VOLTAGE, DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 


COLLECTOR CURRENT EMITTER CURRENT COLLECTOR TO BASE VOLTAGE 































= — — _—— H | DS==S a _ 
; 10 = — pe = a Sie 
i i i 
>e — § eee eee YoeR= -§.0 V ee Beara au i EE 
) be — — 
Is a x ica RM 
wS _ 4 ee = = be ta 
5 i. , tC Or 
Se, ll set & + e 2 Pe 
_! pone ff =} b 
ea J BE (sat) fi — ae - a e | 
25 <« ¢ & | 
a | O 5— ttt . GC a l i 
5 wa a0 = . ma” titi 
zs o£ s Fee ree 
aS —O2 o § no oi 
cL 
a oo — O1 ; a Sr = 28 _ - z 
oo Ww oo —) 5 | 
Lay — 0.05 = ¢ 50; pins | | 
35 o f+ 20.2 | 
ee ee | ; ( o i 
i & — 0.02 = ere ! ail 
= = a 5 Oo / ! 








aL 0.1 
0.10.2 0.5 1 2 5 10 20 50 100 7 10 
l—E ~Emitter Current — mA Yop — Collector to Base Voltage-V 


—- 0.01 
-~01-02-05-1 -2 -5-10- 26 -50- 


Ic —Collector Current — mA 
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NEC / __ PNPSILICON TRANSISTOR 
ELECTRON DEVICE 2SA990 








DESCRIPTION The 25A990 is designed for use in driver stage of AF amplifier. a Dt ta | 
A 


CKAGE DIMENSIONS 
FEATURE @ High hee. ~ Hee : 400 TYP. (VceE =-6.0 V, lo =-1.0 mA) | in millimeters (inches) 


| 5.2MAX, 
_10.204MAX.) 
] 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 












F | 
| ma | 
storage Temperature .......... 2... —55 to +125 °C xs | 
; ise | 
; a] * =- (© | 
Junction Temperature ...... -.. + +125 “C Maximum wan 
Maximum Power Dissipation (Ta=25 °C) —{ ? | 
Total Power Dissipation ....... i Ra went 2 250 mW | ag (0.018) jZ5 
Maximum Voltages and Currents (Ta=25 °C) i a at | 
| xe [He | 
Vepo Collector to Base Voltage....... .... “60 V | 2.54 32 5 | 
| / (0.10) ~o | 
Veto Collector to Emitter Voltage ........ ~50 V |). 3,27 L— -s 
_ 0.08) . FF . = 
Vepo Emitter to Base Voltage ........... —§.0 V | hs 
m 0 ifs 
lc Collector Current... 2... ce ee ee -100 mA | Ne ; 
TO. fl 
Ip Base Current «<c*6 <.y4e te sk Sa rw a —20 mA | += | 
| i 
| 1. EMITTER EIAJ 
| 2. COLLECTOR JEDEC : 
| 3. BASE IEC 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


-_svMBou CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS | 











4 


| FET DC Current Gain 150 380 oH Voge =~6.0 V, I¢=-0.1 mA 
| hee DC Current Gain 200 400 800 2 VcE =—-6.0 V, Ic =-1.0 mA 
| fy Gain Bandwidth Product 50 180 MHz Vce =—6.0 V, Ile =1.0 mA 
Cob Output Capacitance 4.5 6.0 pF Vcp=-10 V, le =O, f= 1.0 MHz 
| NV Noise Voltage 25 40 mV a =-§.0 V, lc =-1.0 mA, Rg = 100 kf, 
| | = 80 dB, f= 10 Hz to 1.0 kHz 
| IcBo Collector Cutoff Current 100 nA Vcp=-60 V, le =0 
| leBo Emitter Cutoff Current 100 nA Veg=-5.0 V, Ic=0 | 
| VBE Base to Emitter Voltage -0,.55 —0.62 -0.65 V Vce =-6.0 V, Ic =-1.0 mA 
VCE(sat} Collector Saturation Voitage -0.18 —0.30 V lc =-100 mA, ip=-10 mA | 
RR hie eee 


Ne ee ee sss — S$ 





cr eneeHan of MFEZ 


| Rank | P | F E 


=} — 


__ Range | 200 — 400 300 — 600 400 — 800 











ey 


hee Test Conditions : VCE =—6.0 V, Ic =-1.0 mA 
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DC Current Gain 


Hee > 


f,—Gain Bandwidth Product —MHz 








NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





} | Free air 
= « 
J E 
6 L 
§ E 
a he 
: 3 
a 2 
= 2 
é 2 
a q 
& A, 
0 25. 50. 75 100 1251. i ~— 
. 2 — 0 =—0.2 —0.4 —0.6 -—O8 
Ta—Ambient Temperature —C 
V-z—Collector to Emitter Voltage -¥ 
DC CURRENT GAIN COLLECTOR CURRENT vs. 
vs. COLLECTOR CURRENT BASE TO EMITTER VOLTAGE 
ee ee re ee ee ee 
Looe a a 
eet ae —— 
aa cot — : 
am 
= 
=aee {3 
S 
8 


—45 -1.-—2 -5 -I0 -—% -s0 — 


le Collector Current — mil 


-—0.1 —O.2 


Vi, —Base to Emitter Voltage —¥ 


GAIN BANDWIDTH PRODUCT 


vs. EMITTER CURRENT vs. REVERSE VOLTAGE 


Qutput Capacitance — pF 


Cat 


—10 —-20 —50 
Collector to Base Voltage — V 


0 
—1.0 -2.0 50 


1-—Emitter Current —mA 
; Vic Et 








OUTPUT CAPACITANCE 


—1.0 


6a 205 06 ~O7 08 09 —10 





—100 


2SA990 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


—10 





|-— Collector Current—mA 


0  -10 —20 —30 50 


V-, —Collector to Emitter Voltage —V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


—20 





lc=10-ln 


Vet tsar) Collector Saturation Voltage —V 
Vor (sary ~Base Saturation Voltage—V 


—10 -aA) 


—5 
-—Collector Current—mA 


—50 —100 
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He —Normalized h- Parameters 


R;—Source Resistance—2 


2SA990 


NORMALIZED h-PARAMETERS 


vs. EMITTER CURRENT 






++] NORMAL h-PARAMETERS 
Vece=—6.0 Vizw 1.0 mAf=—1.0 ke 


w=—6.5 he = 75x 1“ 
his = 205, hoe = 28 aS 





i. 4 


= Noe ii Sees 


0.1 
0.1 O2 


-0.01 -0.02 
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05 1 2 #5 10 20 50 100 


i; —Emitter Current—mA 


NOISE FIGURE MAP 2 


-0.05 -01 -02 -05 -10 -20 
le —Collector Current—mA 


“5 





5 








~10 


* 


He —Normalized h- Parameters 


NORMALIZED h-PARAMETERS vs. 
COLLECTOR TO EMITTER VOLTAGE 


Re —Source Resstance 


100 ——= ——t +] NORMAL h-PARAMETERS ~~ | 
en Sj Ver=—6.0 Viin=1.0 mAf=1.0 kHz | 
— hie = 5.5 kit, hee 7.5% 1074 
—- hre = 205, hoe = 28 oS 





—O1—02 —05—1 —2 —5—10—20 —0—100 
Vee —Collector to Emitter Voltage —V 


NOISE FIGURE MAP 3 


100k bu 
-0.01-0.02 -0.05 -01 -02 -05 -1.0 -20 50 -10 
—Collectar Current—mA 


R, —Source Resistance—2 


R,-Source Resistance —W 


OL 
0.01 -0.02 


-) 01 -O.02 


NV. E ELECTRON DEVICE 


NOISE FIGURE MAP 1 


‘005-01 -02 -05 -10 -20 
io Collector Current—mAé 


NOISE FIGURE MAP 4 


0.05 -0.1 -02 -05 -10 -20 
ie - Collector Current —mA. 





-5.0 


60) ~ 
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ELECTRON DEVICE 









DESCRIPTION The 25A991 is best for the head amplifier of tape recorders, the 
equalizer of moving coil type record players, and etc. 
FEATURES. ® Super Low Noise. NV: 30 mV TYP. (See test circuit.) 


® High hee. hee : 400 TYP. (VcE=—6.0 V, lc =—-1.0 mA) 
@ Complementary to 2SC1844. 


=> 


a 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ...... ose ae oe ek —55 to +125 °C 
Junction Temperature ............ +125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation ............0. e000. 500 mW 
Maximum Voltages and Currents (Ta=25 °C) 


Vcpo Collector to Base Voltage ............ -60 V 
Vceo Collector to Emitter Voltage ..-....... -60 V 
Vepo Emitter to Base Voltage ..........--., -5.0 V 
lc Collector Currant 2... 0 2 ee eee eee -100 mA 
lp Base CUTE iis ck kee eee eee TU 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 








PNP SILICON TRANSISTOR 


2SA991 


PACKAGE DIMENSIONS 


in millimeters (inches) 


9.2 MAX. 
(0.204 MAX.) 


a 

: 
= 
= 
wo 
— 

7o 
= 


12.7 MIN: 
(0.5 MIN.) - 


1.77 MAX 
(0.069 MAX.) 


4.2 MAX. 
(0.165 MAX.) 


1. EMITTER EIAJ : $C-43B8/ 
2. COLLECTOR JEDEC: To-92 
3. BASE IEC : PA33 









TEST CONDITIONS 


Vce=—6.0 V, Ic=—-0.1 mA 


Vce=-6.0 V, Ilc=-1.0 mA 

Vce=-6.0 V, l—e=1.0 mA | 
Vcop=—10 V, le=0, f=1.0 MHz 
VcE=—5.0 V, [c=-1.0 mA, Rq=100 ko 


Gy=80 dB, f=10 Hz to 1.0 kHz 


hee DC Current Gain t 380 ~ 
hFe2 DC Current Gain 200 400 800 — 

fT Gain Bandwidth Product 50 90 MHz 
Cob Output Capacitance 5.5 10 pF 

NV Noise Voltage 30 45 mV 

| IcBO Collector Cutoff Current —~50 nA, 
| lesa Emitter Cutoff Current —50 nA 
Base to Emitter Voltage ~—0.55 —0.60 -0.65 V 


| VBE 
| VCE (sat) Collector Saturation Voltage —0.18 —0.50 V 


Classification of hres 










200 — 400 | 300 — 600 400 — 800° 


hee Test Conditions : Vcgp =—6.0 V, Ic =—-1.0 mA 


Vcp=—60 V, l—=0 
Vep=5.0 V, Ic =0 
Vce=—6.0 V, Ic =-1.0 mA 
Ilc=-100 mA, lp=-10 mA 
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2SA991 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


cs al 7 
| In free air | free air | 
i» SEH 
| 
5 wo} - PT Ty 
i zac oN aSeaeee HEE 
ra) 
LN LE 
3 oot LT TT TN TTT TY 
3 pe 
® 100] am =e 
f 





75 100 125 = 150 


Ta— Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


YA a a 
| SEnnteen/SEeae 


EO 
2 a 


I¢— Collector Current —mA 





01 | LETT} 
-0.2 -03 -0.4 -05 —06 -07 —08 -0.9—1.0 
VBE — Base to Emitter Voitage —V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


——— A ann i—amseers VCE= 
a fil 
ae oH 1 —emaacte 


’ a at 


| -—+ = 2 a 






= SS 555 == Vt ee 

4 ft I —— 

500 -— ee 
pp tt p<} tt Meant) 


ft —Gain Bandwidth Product — MHz 


05 1 2 5 
le — Emitter Current — mA 


0.1 02 
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Cob— Output Capacitance — pF 


Po 
ey 


lc —Collector Current — mA 
| 
rh 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


ans app ae 
rer 
vabalec eae 












VCE — Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


| SiS VCE =—6.0 V 
anid) ct ms ulsed 
nn fl 
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Cae aT 
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= 
ma l ott il uh 








-O1-02 -1 -2 


— 10-20 
lc — Collector Current —mA 


-0.01—0.02 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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In—Noise Current — pA//Hz 


me Ae 
ae 





-§ —-16 -20  —50 —100 
¥cp —Collector to Base Voltage—V 


VBE(sat) —Base Saturation Voltage—V 
VCE(sat) —Collector Saturation Voltage—V 


s 8 


l¢ —Collector Current — mA 





@n—Noise Voltage —nV//Hz 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


— 50 





an 


MANNY 
EEN 
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VcE — Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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€, AND I, vs. COLLECTOR CURRENT 
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NEC ttectron vevice 2SA991 





NOISE FIGURE MAP1 NOISE FIGURE MAP2 


NOISE FIGURE MAPS 


PSISISENIUN, 4¢ =1.0H2 


_ +h SS tae 
.t Na 
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I¢ — Collector Current ~ mA Ic ~ Collector Current—mA Ic —Collector Current—-mA 


NOISE VOLTAGE TEST CIRCUIT 


Re= 100 k2 


—1.0 mA 





+15 V FLAT 


VCE=—95 V, Ic =—10 mA, Rg=100 k2, Gy =80 dB, FLAT (f=10 Hz to 1.0 kHz) 
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DESCRIPTION The 25A992 is best for use as the middle range amplifier in Hi-Fi 
stereo control amplifiers, power amplifiers, and etc. 


FEATURES ®@ High Voltage. Veeco :—120 V 
@ Low Output Capacitance. Cob : 2.0 pF TYP. (Veg =—30 V) 
5 High hee. hee : 500 TYP. (Vee =—-6.0 V, Ic =—1.0 mA) 


® Super Low Noise. NW : 25 mV TYP. (See test circuit.) 
® Complementary to 2SC1845. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............. —55 to +125 °C 
Junction Temperature ........ .. +125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation .............. 500 mW 
Maximum Voltages and Currents (Ta=25 “C) 7 

Vepo Collector to Base Voltage .......... 7120 V 

Veeo Collector to Emitter Voltage ......... . —120 V 

Vego Emitter to Base Voltage ............, =5.0 % 

lc Collector Current... 4245 ced eaten 4s —50 mA 

lp Base Luirent. 26 64nd ats e enews —-10 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


PNP SILICON TRANSISTOR 


2SA992 












PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


5.5 MAX. 
(0.216 MAX.) 











l?.7 MIN 
(0.5 MIN.) 





4.2 MAX. 
(0.165 MAX.) 






"4, EMITTER EIAJ :SC-43B 
2, COLLECTOR JEDEC : TO-92 
3, BASE IEC : PA33 












SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNIT TEST CONDITIONS 
heed DC Current Gain “150 «500 = Veg ==6.0 V, Ig =-0.1 mA 
hrez DC Current Gain 200 500 800 “< Vce =—6.0 V, lc =-1.0 mA 
ir Gain Bandwidth Product 50 100 MHz Vce =—6.0 V, lp=1.0 mA 
Cob Output Capacitance 2.0 3.0 pF Vcp=—30 V, le =0, f=1.0 MHz 
NV Noise Voltage 25 40 mv Voce =—5.0 V, Ic =—1.0 mA, Rg =100 k& 

Gy =80 dB, f=10 Hz to 1.0 kHz 
IcBo Collector Cutoff Current —50 nA Vcop=-120 V, Ip =0 
leEBo Emitter Cutoff Current —50 nA Vep=—5.0 V, Ic =0 
VBE Base to Emitter Voltage —0.56 —0.61 —0.65 V Voce =-6.0 V, Ic =-1.0 mA 
VCE (sat) Collector Saturation Voltage —0,09 —0.30 V lc =—10 mA, Ip =-1.0 mA 








Classification of hees 
T - | c€] 


| Rank | P 
200 — 400 | 300 — 600 400 — 800 | 
hee Test Conditions : Vee =—6.0 V, lc =-1.0mA 






Range . 
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NE Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 


Ic -Collector Current —mA 
P7—Total Power Dissipation —mW 


ff —Gain Bandwidth Product —MHz 


TOTAL POWER DISSIPATION vs, 


AMBIENT TEMPERATURE 


50 75 100 
Ta—Ambient Temperature —‘C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


- of 


——— —— = ——_ So 









Ae Seana 
EEE HT 


ZS _—... a Ss 3 





"02 —0.3-04-05 -06-07 -08—-09—-10 


Vee —Base to Emitter Voltage — V 


GAIN BANDWIDTH PRODUCT vs. 


EMITTER CURRENT 


PH vee =-6.0V_ 
co 
ina 





0.10.2 0.5 1 2 92 10 20 
lp —Emitter Current—mA 


5O 100 


ic —Collector Current—mA 





Cob— Output Capacitance —pF 





°C unless otherwise noted) 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


0 — 20 — 40 —60 — 80 — 100 
VcE—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


j\Vce=-6.0 V | 


VBE(sat)—Base Saturation Voltage —V 


—001 =0.1 — | _— 100 
I¢ —Collector Current—mA 


OUTPUT CAPACITANCE. vs. 
COLLECTOR TO BASE VOLTAGE 


lve 





lc —Collector Current—maA 








VCE(sat) Collector Saturation Voltage —V 


2SA992 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





0 -l. -2 -3. -4  —5 
Vee —Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


Ht 4 
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a Vee (sal SE zis 


“—Q1-02-05-1 -2 -5-10-20 -50-100 
lc —Collector Current—mA 


@, AND |, vs. COLLECTOR CURRENT 


1) a 
Voce =—-60 J ttt 
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e a 100 § 10 pepe 
S sobs si 
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$ 2018 
i | i 
0.5 1 ok d 
5 0.5 fh. Ht i= te eT seein 
a ert tt ttt 
0.2 =," 2a 
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-| -2  -5 -0 20-50-10 ” 
Yop —Collector to Base Voltage—V a5f 0.05 
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0.1 


ic —Collector Current—mA 
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NOISE FIGURE MAP. 
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NOISE VOLTAGE TEST CIRCUIT 


Re =100 kQ 


+15V FLAT 


VCE —5 V,Ic=—LO mA, RG=100 k2, Gy=80 dB, FLAT(f=10 Hz to 1.0 kHz! 
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ELECTRON DEVICE 






PNP SILICON TRANSISTOR 






2SA1005 





DESCRIPTION The 25A1005 is designed for use in RF amplifier, conv., and 
oscillator of FM tuner. 
FEATURES . ® High gain bandwidth product: f; = 400 MHz TYP. 


@Vce =-10 V, Ie = 1.0 mA 

© Small output capacitance: Co, =1.1 pF TYP. 
@Vecp =—10 V, f= 1.0 MHz 

® Low noise figure: NF=3.5 dB TYP. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
storage Temperature 


Junction Temperature ..........00. 
Maximum Power Dissipation (Ta=25 °C) S 


Total Power Dissipation 
Maximum Voltages and Currents (Ta= 25 a 


Vepo Collector to Base Voltage.......... 
Vceo Collector to Emitter Voltage ....... 
Vepo Emitter to Base Voltage .......... 
Ic Collector Current .............. 

Ip Base CUMEHE 2.5. 6b cee ee es 


ELECTRICAL CHARACTERISTICS (Ta=25 ~C) 


CHARACTERISTIC 





SYMBOL 


Collector Cutoff Current 
Emitter Cutoff Current 

DC Current Gain 

Base to Emitter Voltage 
Collector Saturation Voltage 
Gain Bandwidth Product 
Output Capacitance 

Collector to Base Time Constant 
Noise Figure 


Classification of hee 









hee Test Conditions : VcgE =~10 V, Ic =-1.0 mA 






—55 to +125 °C 
+125 °C Maximum 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


: 
= 
== 
2 
un OL 
=. 


12.7 MIN. 
(0.5 MIN.) 





1. EMITTER EIAJ : $C-43B | 

250 mW | 2,.COLLECTOR JEDEC: To-92 
3. BASE IEC :PA33 

—40 V 

-40 V 

—-40 V 

-—30 mA 

—-10 mA 






TEST CONDITIONS 
~ Vep=—-40 V, le =0 
Veg =-4.0 V, lc =0 
Vce =—10 V, Ic =—-1.0 mA 
Vee =-10 V, Ic =—-1.0 mA 
I¢=-10 mA, Ip=-1.0 mA 
Vce =-10 V, lp =1.0 mA 
Vcp=—10 V, Ie =0, f= 1.0 MHz 
Voce =-10 V, le =1.0 mA, f= 31.9 MHz 
Vce=-10 V, Ilc¢=—-1.0 mA, Rg = 500 2, f=1.0 MHz 





2SA1005 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


P7—Total Power Dissipation— mW 
lc— Collector Current— mA 





0 2% 50 #75 100 125 150 
Ta— Ambient Temperature— °C 0 





-4 —8 -12 -16 —20 
Vee Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
BASE TO EMITTER VOLTAG COLLECTOR CURRENT 









hee—DC Current Gain 









Prd 


“01-02 -05-10-20 -§0-10 -20 -40 -100 
le— Collector Current—mA 


Ic — Collector Current— mA 


0 -02-0.4 -06 -08-1.0-12 -14 
Vee—Base to Emitter Voltage—V 


BASE SATURATION VOLTAGE vs. GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT EMITTER CURRENT 





Bo -oT=02 -05-10-20 -50-10 20 50-100 
-” le—Collector Current—mA 
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10 2.0 3.0 10 20 90100 
le —Emitter Current— mA 
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NEC tvectron vevice 


COLLECTOR CURRENT vs. 





COLLECTOR TO EMITTER VOLTAGE 


Ic—Collector Current— mA 


i -0,01 LL Lids 
O 01-02 -0.5-10-20 ~5.0-10-20  -50~100 


Cob— Output Capacitance— pF 






—-0.2 -0.3 —-0.4 


Vce—Collector to Emitter Voltage- 


COLLECTOR CURRENT 


i 
ba 





ic Collector Current— mA 


OUTPUT CAPACITANCE vs. 





-10-2,.0 —-5.0-10 -20 —50 
Vcp—Collector to Base Voltage—V 





COLLECTOR TO BASE VOLTAGE 


oe 





-0.5 


—¥V 


COLLECTOR SATURATION VOLTAGE 
VS. 


NEC ELECTRON DEVICE 


INPUT CAPACITANCE vs. 
EMITTER TO BASE VOLTAGE 









Cip— Input Capacitance— pF 
& 


=—1 =O.2° =<05 10-20. S10 
Veg Emitter to Base Voltage—V 


2SA1005 





113 








fd) 


ELECTRON DEVICE 






DESCRIPTION The 2SA1009, 2SA1009A are PNP triple diffused transistors de- 
signed for switching regulator, DC-DC converter and high frequency 
power amplifier application. | 

FEATURES ® Low Collector Saturation Voltage. 


®@ High Speed Switching. 

® Wide Reverse Bias Safe Operating Area. 
ABSOLUTE MAXIMUM RATINGS 

Maximum Temperatures 


Storage Temperature ............... —55to+150°C 

Junction Temperature ............. 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 

Total Power Dissipation ...........0.00200008. 15 W 
Maximum Voltages and Currents (T, = 25 °C) 

2SA1009/2SA1009A 

Vero Collector to Base Voltage . . —350/ -—400 V 

VcEO Collector to Emitter Voltage .. -—350/ -—400 V 

VeBo Emitter to Base Voltage ......... —7.0 V 

lcipc) Collector Current (DC) ......... —2.0 

IC(pulse) Collector Current (pulsey” 2.22... —4.0 A 

IB(DC) Base Current (DC) ---+ +++ eee —1.0 A 


ELECTRICAL CHARACTERISTICS (T, 


= 25 °C) 
SYMBOL CHARACTERISTIC  _ 


















| ton Turn-on Time 1.0 
| tetg Storage Time 2.5 Ls 
tf Fall Time 1.0 Ms 
hee DC Current Gain** 20 200 — 
hfe DC Current Gain** 10 = 
VCE (sat) Collector Saturation Voltage** —1.0 V 
VBE (sat) Base Saturation Voltage** —1.2 V 
= Collector to Emitter Sustaining 
VCEO(SUS) Voltage —350/—400 Vv 
Collector to Emitter Sustaining 
VCEX(SUS)1 Voltage —350/—400 v 
Collector to Emitter Sustaining 
| YCEX(SUS)2 Voltage —350/—400 Vv 
| IcBo Collector Cutoff Current —10 uA 
| ICER Collector Cutoff Current —1.0 mA 
| Icexd Collector Cutoff Current —10 rey 
ICE X2 Collector Cutoff Current —1.0 mA. 








'EBO | 
**PW < 350 us, Duty Cycle = 2 % 
Classification of heey | 


[roe | M ] u | * | a | _#_] 
30 to 60 40 to 80 60 to 120 | 100 to 200 


Test Conditions: Veg =—5.0 V, Ic =—0.1A | _ 


Emitter Cutoff Current 








PNP SILICON POWER TRANSISTORS 


2SA1009,2SA1009A_ 












PACAKGE DIMENSIONS 


in millimeters (inches) 


= 
pb! 
fa 
or 
ech 
= tt 
iS 





ow 













(0.610 MAX.) 


1.3+0.2 
(0.051) 


0.75401 m1 j— 
(0.030) cul | 


12.7 MIN 


(0.236 MAX.) (0.232 MIN.) 
(0.500MIN.} 


Base (B) 
Collector (C) 
Emitter (E) 

. Fin (Collector) 


PONS 


JEDEC: TO-220AB 





TEST CONDITIONS 






lc=—0.3 A, lp1=—!p2=—60 mA 
R~_ =500 2, Vec =—150 V 


VcE=—5.0V,Ic=-0.1A 
Vce=—-5.0V,lc=—0.3 A 
Ic=—0.3 A, |gp=—60 mA 
Ic =—0.3 A, lp=—60 mA 


lc =—0.3 A, lp =—60 mA, L=1mH 


lc =—0.3 A, lp, =—!lpo=—60 mA, 
L=180 ywH, Clamped 


I¢=—0.6 A, Igy =—0.2 A, —Ip2=60 mA, | 


L=180 wH, Clamped 

Vcp =—350/—400 V, Ile =0 

Vce =—350/—400 V, Rep =51 0, 
Ta = 125 °C 


VcE = —350/—400 V, Vge(OFF)=1.5 V 
VceE = —350/—400 V, Vege (OFF) =1-5 V, 


T, = 125 °C 
Veg =—5.0 V, Ic =0 


4.8 MAX. 
2 (0.189 MAX) 


{0.0517 


aE 1.3+0.2 
0.5+0.2 
10.02) 
2.8402 
(0.11) 
























NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, =25 °C) 


TOTAL POWER DISSIPATION 
15 vs. CASE TEMPERATURE 


PT—Total Power Dissipation—W 





100 150 
Tce-—Case Temperature— °C 


TRANSIENT THERMAL RESISTANCE 


Transient Thermal Resistance—°G/W 











S 9.2 
£01 02 05 12 +5 10 20 50 10C 
PW—Pulse Width—ms 
DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
0) EEE Vce=—50 V 


500 Satie deca 













£ 200 K— 
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~ 100 | 
S 50 Seer maii esis 
S 2 ttt Co CON 
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—1 -2 ~5 —10—20-~50-100-200 —500-1000 
Ic Collector Current—mA 





lc—Collector Current—mA 







Ic—Collector Current—mA 


Collector Saturation Voltage—V 
Base Saturation Voltage—-V 


VCE (sat) 


a 1 


FORWARD BIAS oii OPERATING AnEA 





At 
PT 4 Lo 










cot 
Et Ht iN tk 


I 
5' 
at Hitt NY | 
—5 — 10-20 —50— 100-200-500 
ms -Collector to Emitter Voltage—V 





REVERSE BIAS SAFE OPERATING AREA 
1.0 


VBE (sat) 





—400 
- Vee—Collector to Emitter Voltage—V_ 


0 8 =6836©-100 -200 —300 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. Berton res CURRENT 






-10¢ 
_ 5-— Se mBeaD 
—aeeeiitliomeee Sat eae re 
i) a Q 
See ===- po 2 
-05 See Ewer a gst a 
aseeeee V ‘ am 
02 ann 2 CE (sat) At S 
a4 otc : 
Seay 
0 “= pC c 
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| 
o 
oO 


—0.01 
=| =2 side 10—20 -50~-100-200 -500-1000 


—Collector Current—mA 






2SA1009,2SA1009A 


DERATING CURVE OF SAFE 
OPERATING AREA 


dT Percentage of Rated Current—% 





Te—Case Temperature—°C 


COLLECTOR CURRRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
-1.0 


—0,2 HE 


I¢ Collector Current--mA 


0 





VceE—Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE TIME AND 
FALL TIME vs. atime CURRENT 


sed 

at Serie eemeen 
L Suiiiiaani 
£ i» 
re Ft 
® eee | 2 
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ee = 
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re 
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—50 —100 ame —500 - 100 
-Collector Current—mA 


a 


2SA1009,2SA1009A 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


R_=500 Q 


VIN 









PW) 
PW=50 us 


Vee 5. 
Duty Cycles? % BB= 50'¥ 
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ELECTRON DEVICE 






PNP SILICON POWER TRANSISTOR 





2SA1142 




















7 
| 


2.8 MAX. | 
(0.110 MAX.)| 





| 
| 
| 










DESCRIPTION The 2SA1142 is designed for use in Audio frequency power. [ 
amplifier. PACKAGE DIMENSIONS 
in millimeters (inches) 
- ws 8.5 MAX. 
FEATURES ® High voltage. Vceg > —180 V (0.334 MAX,) 
| ® Low Cop, High fr = @ 3.2 - 0.2(¢0.126) 
A fr = 180 MHz, Cop = 4.5 pF | Sy — 
® Complementary to the NEC 2SC2682 NPN Transistor. | vy 8g 
Le of 
= sis 
ABSOLUTE MAXIMUM RATINGS | rte 
Maximum Temperatures | 1.2 Sat in 
Storage Temperature......... _... —55to+150°C | (0.047) of z5 
Junction Temperature ........... 150°C Maximum | a 
Maximum Power Dissipations | ee 
Total Power Dissipation (Tg = 25 rN ie ee ava. “hye | oso 4 UU iz 
Total Power Dissipation (Tp = 25°C) .......... 10W | (90317 
Maximum Voltages and Current (Tz = 25 C) 3323 
Veso Collector to Base Voitage....... —180 V (0.090)] (0.090) 
VcEO Collector to Emitter Voltage... . . —180 V | 
VeBo Emitter to Base Voltage.....-.. —5.0 V 
le Caliector Curent: «6 6446 22 ous -100mA 
1. Emitter 
2. Collector connected to mou nting piane 
3. Base 
| 
ELECTRICAL CHARACTERISTICS (T, = 25 C) 

SYMBOL CHARACTERISTIC MIN. T-¥F: MAX. UNIT TEST CONDITIONS 
heed DC Current Gain 90 200 Vee = —5.0V, Ic = —1.0 mA* 
hee DC Current Gain 100 200 3270 Vege = —5.0 V, Ic = =10 mA" 
fT Gain Bandwidth Product 160 MHz Vce = -10V, Ile =—-20mMA 
Cob Output Capacitance 4.5 7.0 pF Vcp = —10V, Ile = 0, f = 1.0MHz 
NEF Noise Figure 4.0 dB Mas pre aa 3 Avi me 
IcBo Collector Cutoff Current —1.0 uA Veg =—180V,le=0 
leEBO Emitter Cutoff Current —1.0 uA Vea =-3.0V Ic =0 
VCE (sat) Collector Saturation Voltage —0.16. —-O.5 V lc = -—5b0 mA, Ip = —5.0 mA* 
V BEl(sat) Base Saturation Voltage 0.8 —1.5 V Ic = ~50 mA, Ip = —5.0 mA”* 








*Pulse Test : PW <= 350 us, Duty Cycle = 2% 


Classification of hres 






100 to 200 © 





O | P 


160 to 320 








Test Conditions : Vcg = —5.0V, Io = —10mA 








VBE(sat) Base Saturation Voltage—V 


2SA1142 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Note: 

1. Aluminum heat sink of 
1.0 mm thickness. 

2. With no insulator film. 

3. Within silicon compound. 





P7—Total Power Dissipation —W 


0 50 100 150 
Tg —Ambient Temperature —°C 


TRANSIENT THERMAL Hise lebsetshcia 





30 Duty = =(0. 001 


| mili anit 
10} = - = swell oH Hi 
7 a Sores meets: 
i Sesitcesmasiiii 
Sah maa 


0.3 


AR;y, —Thermal Resistance—°c/W 


01.03 1 3 10 30 100 3001000 
PW—Pulse Width—ms 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





owl ee EEL 
-0.1 -035 -1 —3 —-10 -30 —-100 
I¢—Collector Current —mA 


VCE(sat)~ Collector Saturation Voltage—V 
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le- Collector Current—mA 


[>—Gain Bandwidth Product —-MHz 


DERATING CURVE OF SAFE 
OPERATING AREAS 
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dT — Percentage of Rated Current — % 
Po mm : 
=] = 


50 100 150 
T.—Case Temperature—°C 


S 


COLLECTOR CURRENT vs. COLLECTOR 


TO EMITTER VOLTAGE 
~100 


0 20 —40 -60 —80 —-100 -120 
Voce Collector to Emitter Voltage—V 


GAIN BANDWITH PRODUCT vs. 
COLLECTOR CURRENT 





—— > ge a 30-100: 
Ic -Collector Current —mA 


—Collector Current — 


Cip — Input Capacitance — pF 
Cob Output Capacitance — pF 


NEG tcecrron vevice 





SAFE OPERATING AREAS 








— =p tt 
<x = 
_aneqlL_t_f i 
E 300;— | 
10 = aoe 
— 60 
so 
Li 
10} E:Te 
—6} 2. Curves must be derated 
oO 3 linearly. with increase of 
= temperature and Duty 
| Cycle. 
—] -3 -6-10 -30-60-100 -30 
Voe—Collector to Emitter Voltage--V 
DC CURRENT GAIN AND BASE TO 
EMITTER VOLTAGE vs. COLLECTOR 
CURRENT 
. Hae VcE=5.0 V > 
HH Pulse ao a 
IT no 
£ a 
= £ 
: $ 
_ 
o 3 
- = 
= i 
s & 
8 2 
Lil) 
Lud 6u 
Li. iA] 
- f 
Lid 
fra] 
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1 | | | lift | =), 
“0.1 -0.3 -1 ~<a —-10 -30 -100 
I¢ —Collector Current—mA 


OUTPUT AND INPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


i f=1.0 MHz 
PTH le =0 (Cob) 


I¢=0 (Cip) 
TT TMT 





— 


—30 —60-100 —300 
Vep-—Collector to Base Voltage—V 
Veg Emitter to Base Voltage—V 


4 <3 6-10 
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ELECTRON DEVICE 





DESCRIPTION 


FEATURES 






The 2SA1153 is designed for general purpose amplifier and high 


speed switching applications. 

High Frequency Current Gain. 
High Speed Switching. 

Small Output Capacitance. 

Low Collector Saturation Voltage. 


ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 


ELECTRICAL CHARACTERISTICS (T, = 25 i) 





SYMBOL 
fon 

loff 

tstg 

fT 

Cob 
hFe1* 
NFEQ* 
VCE (sat)* 
VBE (sat) * 
ICBO 
'EBO 








Maximum Temperatures 
storage Temperature 
Junction Temperature 

Maximum Power Dissipation (Tg = 25 °C) 
Total Power Dissipation...... 


Maximum Voltages and Current (Tz = 25 °C) 


Vcpo Collector to Base Voltage 
Vceo Collector to Emitter Voltage 
Vepo Emitter to Base Voltage 
le Collector Current (DC) 


‘CHARACTERISTIC MIN. TYP. 
Turn-on Time . 
Turn off Time 
storage Time 
Gain Bandwidth Product 150 400 
Output Capacitance 5.0 
DC Current Gain 50 140 
‘DC Current Gain 20 50 
Collector Saturation Voltage —0.45 
Base Saturation Voltage —1.0 


Collector Cutoff Current 


Emitter Cutoff Current 


* Pulsed PW = 350 ws, Duty Cycle = 2% 








Complementary to the NEC 2SC2720 NPN transistor. 
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‘PNP SILICON TRANSISTOR 


2SA1153 





PACKAGE DIMENSIONS 
in millimeters (inches) 
5.2 MAX. 


— 
= 
<= 
= 
m= 
rs 
=) 


12.7 MIN. 
(0.5 MIN.) 


.. —55 to +150 °C 
. 150 °C Maximum 


.... ° 600 mW xB 
= 
= 
ys 
is =—60 VO | s 
oF 8 @ —40 V | 1%. EMITTER EIAJ : SC-43B 
aoe =50 -V 2. BASE JEDEC : TO-92 
3. COLLECTOR IEC : PASS 
dng ‘aes —500 mA 





MAX. UNIT 











TEST CONDITIONS 
35 ns See Test Circuit. 
255 ns See Test Circuit. 
225 ns bee Test Circuit. 
MHz Vce = —10 V, le =20mA 
8.0 pF Vee =—10V, le =0,f = 1MHz 
300 — Vee =—-2.0 V, Ico = —150mA 
— Vee = —2.0 V, Ile = —500 mA 
—0.75 V Ic = —500 mA, Ip = —50 mA 
-1.3 Vv Ic = —500 mA, Ip = —50 mA 
—0.1 BA Veep =—40V, lp =0 
—0.1 BA VerR = —4.0V, 1c =0 


2 


SA1153_ 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


TOTAL POWER DISSIPATION vs. 





tal Power Dissipation—mW 


Py+—To 


150 
Ta ~Ambient Temperature— ‘°C 


50 100 200 


=> 
COLLECTOR CURRENT vs. Dc CURRENT GAIN vs. | 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 2 
1000¢s7 . = 
2 
<= : 
« S 
| S 3 
E : : 
oO _ Ss 
~ aa ut | aca 1s 
s Bleu — aa : rT tiT i i 
oO sont Tt _ Tri dT - 
2 o Ml Tl o 
(=) | | i 
a] Lil | 
| 7 i = 
© i 5 
10 Lit | 1. ee 
-05-10-20 -50-10-20 —50-100-200 -500 = 





Vee—Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 





sol crh == 
=eecieae 
La A 
1.0 3.0 10 30 
Ig -~Emitter Current~—mA 





fr—-Gain Bandwidth Product —-MHz 


100 


120 


-20 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Pe nal 
- 






—40 
Voe—Collector to Emitter Voltage—V 


—10 —-20 —30 






















I¢—Collector Current—mA 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


HH =0(Cob) 
ttt © ob? 
Bill 


Cop Output Capacitance —pF 
Cib— Input Capacitance —pF 


—30 -100 


=1.) —3.0 
Veg Collector to Base Voltage—V 


VeR—Emitter to Base Voltage—V 


=a 


lc Collector Current—mA 


NEC ctectron vevice 





COLLECTOR CURRENT vs. 
_ COLLECTOR TO EMITTER VOLTAGE 
— L000, 





—0.4 


-0.8 . 
Vce~—Collector to Emitter Voltage —V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





VBE(sat)~ Base Saturation Voltage—V 


lc Collector Current -—mA 


DELAY TIME vs. 
COLLECTOR CURRENT 


+4 1¢/Ip= 10 to 20 
| 


ty Delay Time—ns 





=20 —50—100 -200 
I¢ Collector Current —mA 


~500 


NEC ELECTRON DEVICE 2SA1 1 53 





RISE TIME vs. STORAGE TIME vs. FALL TIME vs. 
COLLECTOR CURRENT COLLECTOR CURRENT COLLECTOR CURRENT 


IB1=—IB 
THT Ic/ig=10t 


a i 
HH 


ty Rise Time—ns 
ts—Fall Time—ns 









10L1: ; ad |e TOLL | 
-5.0-10 —-20 -—50 —-100-200 —500 —20 —50-100 -—200 —500 Bi =U: =20 -50—-100-200 —500 
I¢~—Collector Current—mA I¢—Collector Current —mA «  'c Collector Current—mA 


SWITCHING TIME TEST CIRCUIT 


Veap=+2.0.¥ Voc=—30 V 


VOUT 










PW=1.0 us 
DC=2 % ton SWITCHING VOLTAGE WAVEFORMS 
Vap=+233V  Vec=-30V 
INPUT 
VLSI VIN i tstg | 
i 
t 
~30 V ph 7 
OUTPUT | 
+4.0 V | 
toff =tstg +t 
ty<2.0 ns 
pe ve tofp SWITCHING VOLTAGE WAVEFORMS 
DC=2 % 
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PNP SILICON POWER TRANSISTOR 


2SA1156 
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DESCRIPTION The 25A1156 is suitable for Low Power Switching regulator, = PACKAGE DIMENSIONS 
DC-DC converter and High Voltage Switch. in millimeters (inches) 
| ; 8.5 MAX. 
FEATURES ® High Breakdown Voltage. (0.334 MAX.) 2.8 MAX. 
® Low Collector Saturation Voltage. $32202(6 0.126) vee 
‘“. - © High Speed Switching. Leal > 
® Complementary to the NEC 2SC2752 NPN Transistor. ee = 
ks 
= 
ABSOLUTE MAXIMUM RATINGS = 
Maximum Temperatures Z\5 
Storage Temperature............. —55 to +150 °C o|% 
Junction Temperature .......... +150 °C Maximum “3 
Maximum Power Dissipations 0.823:38 : 
Total Power Dissipation (Tz = 25°C) ....... 1.0 w_ | (0.031)_ J 
Total Power Dissipation (Tp =25°C) ....... 10 
Maximum Voltages and Currents (Tg = 25 °C) 
Vcpo Collector to Base Voltage ....... —400 V 
VcEo Collector to Emitter Voltage..... —400 V 
. . Collector connected 
VEBO Emitter to Base Voltage ....... 77.0. V to mounting plene 
lcipc) Collector Current ............ —-05 A . Base 
Icipuse) Collector Current ............ —1.0 A 
lpipc) Base Current. .......0000% .12—0.25 A 


*PW=10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


| SYMBOL CHARACTERISTIC ‘ P. . | TEST CONDITIONS 
| hee ** DC Current Gain VcE= —5.0V, Ic —100 mA — 
ton Turn On Time 1. [Ie = —100 mA, Ry = 1.5 ka 
| tstg Storage Time 0 ‘IB =—10 mA, Ig = 20 mA, Voc =—150V 
| te Fall Time 1. \PW = 50 us, Duty Cycle 2 % 
VcEO(SUS) Collector to Emitter Sustaining Voltage V lc = —100 mA, Ip = —10 mA, L = 20 mH 


_ | lc = —200 mA, lpi = —lpo =—20mA 
| VCEX(SUS) Collector to Emitter Sustaining Voltage V Waele =50 R L= timH, Clamped. 


IcBo Collector Cutoff Current Vcp = —400 V, Ig =0 

| ICEx4 Collector Cutoff Current Vce = —400 V, Vee(OFF) = 1-5 V 
Voce = —400 V, Vee(OFF) = 1-5 V, 
Ta = 125°C 

leno Emitter Cutoff Current Vesa = —-5.0V, lc =0 


| IcExX? Collector Cutoff Current 


| VCE(sat)". Collector Saturation Voltage Ic = —100 mA, Ip =—10mA 





| VBE(sat)”* Base Saturation Voltage 1. I¢ =—100 mA, Ip =-10mA 
** Pulsed / PW=350 us, Duty Cycle <2 % 


Classification of hee 










A 
Range | 301060 | 40 to 80 60to 120 | 100 to 200 








Test Conditions: Voce = —5.0 V, le = —100mA 





122 


NE C ELECTRON DEVICE. 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
0 AMBIENT TEMPERATURE 


FORWARD BIAS 
SAFE OPERATING AREA 








P7—Total Power Dissipation—W 


“2-5 -10 ~20 —50~ 100-200 -600- 1000 
Voce Collector to Emitter Voltage—V 


50 100 150 
Ta — Ambient Temperature — a 


REVERSE BIAS 


TRANSIENT THERMAL RESISTANCE SAFE OPERATING AREA 




















= 
| <x 
2 E~200 
= ww 
s rad 
a. © 
G £-150 
a oO 
7) _ 
E | 5-100 
= : = 
i - a 
| i awn  —50 
o rn rH Ee: 
e 01m Im 10m 100m ] 0 —-100 -200 -300 —400 -500 
PW —Pulse Width—s Vce—Collector to Emitter Voltage—V 
=| N IN BASE AND COLLECTOR SATURATION 
COLLECTOR CURRENT 7 VOLTAGE vs. COLLECTOR CURRENT 
1000 - w 10F Ee | 
& > : Io/Ip=10 
~ wo Pulsed 
Ss 
E200 ~2 -2 
S i00h- 1 4. => HN VBE(sat)= 
: =: 
2 23 
— os o 
3 o 5 
2 58 
| = Sg 
i : z I on 
ie | | tilt } | | | | 3 3 It | | | | | . | 
Li- ~1-2 -5-10-20 -50-100-200-500-1 wt “4 Oe - 05 - -2 “9 10 20 -50- 100- 700 500-1 
nmmmmmmmmmmm m om aca eh ee 
Ic —Collector Current —A >> in Collector Current—A 


2SA1156 





DERATING CURVE OF SAFE 
100 OPERATING AREA 





dT ~~ Percentage of Rated Current~% 


150 
T.~Case Temperature—°C 


100 


COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE 
—0.5 





o 


Ic Collector Current—A 





== To 
Vce—Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE TIME AND 
FALL TIME vs. COLLECTOR CURRENT 


ime- us 


— 


Turn On Time~ us 
tstg~ Storage Time~ us 


‘Fall 


ton 





—50m -100m-200m -500m —1 


=10m ~20 im 
I¢ —Collector Current~A 
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E 


PNP SILICON TRANSISTOR 


2SA1174 





ELECTRON DEVICE 






DESCRIPTION The 2SA1174 is best for use as the middle range amplifier in Hi-Fi 


stereo control amplifiers, power amplifiers, and etc. PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES ®@ High Voltage. Vceo . —120V 4.2 MAX, 2.2 MAX. 
® Low Output Capacitance. C,, : 2.0 pF TYP. (Vcg=—30 V) 4 i 
as @ High hee. hee : 500 TYP. (Vce =—6.0 V, |c=—1.0 mA) Tx 


@ Super Low Noise. NV: 25 mV TYP. (See test circuit.) 
® Complementary to the NEC 2SC2784 NPN transistor. 


(0,125 MAX.) 


ABSOLUTE MAXIMUM RATINGS 








Maximum Temperatures zz 
Storage Temperature. .............2. —55 to +125 °C 2G 
Junction Temperature ............. +125°C Maximum “S 

Maximum Power Dissipation (Ta = 25 °C) 

Total Power Dissipation. ...........2 00002 300 mW 1 

Maximum Voltages and Currents (Ta = 25 °C) | —= 
Vego Collector to Base Voltage. ........... . —120 V eae aes? 

Vceo Collector to Emitter Voltage........... —120V j a es 

Vero Emitter to Base Voltage.......... ~ee. 5.0 V | | a9 SER 

le Collector Current ...........0005008 —50 mA pis “S 2 co LLECTOR 
lp Base Current........... eb pe ae 244 . —10 mA , oe eae 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC : ; TEST CONDITIONS 
DC Current Gain Vce=—6.0 V, Ic=—0.1 mA 
DC Current Gain 3 . | VcE=—6.0 V, Ic=—-1.0 mA 
Gain Bandwidth Product Vce=—6.0 V, le=—-1.0 mA 
Output Capacitance . : Vep=—30 V, le=0, f=1.0 MHz 


Noise Voltage Vce=—5.0 V, Ic=—1.0 mA, Rgqg=100 kn 
Gv=80 dB, f=10 Hz to 1.0 kHz 


IcBo Collector Cutoff Current 1 Vcp=—120 V, Ie=0 
lEBO Emitter Cutoff Current | Veg=—5.0 V, Ic=0 
VBE Base to Emitter Voltage Vce=—6.0 V, lc=—-1.0 mA 





VCE(sat) Collector Saturation Voltage | 030 Vv Ic=-10 mA, Ip=—1.0 mA 


Classification of hres 
. : ) = 





— 4 
| 200-400 | 300-600 400 — 800 


hres Test Conditions : Vce =—6.0 V, lc =—1.0 mA 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 


AMBIENT TEMPERATURE 


Py—Total Power Dissipation —mW 


0 25 
Ta—Ambient Temperature — C 


BO 75 LOO 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


Vce= 
—59) Pulsed 


—6.0 V ——— 
as Sc ie Ha SS ES CT 
ee ee a ee ee 


mA 


—Collector Current - 


Te 


—-03 —03 -04 -05 —f6 


Vap~ Base to Emitter Voltage - u 








—-0.7 -O8 -0.9 -LO 


GAIN BANDWIDTH PRODUCT vs. 


EMITTER CURRENT 


-MHz 


it —Gain Bandwidth Product 


a5 1 2 5 
ig~ Emitter Current 


10 20 5O 


mua, 





COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 
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2SA1174 
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2SA1174 NEC ttectron vevice 





NOISE FIGURE MAP 


iMp ._i.- tt. . 





PAK SC AON 
Pr 8 


| a. ~ 
. 


Re ‘Source Resistance —Q 


—0.01—0.02 -0.05 -0.1-02-05-10—-20 —50 ~—10 
lc —Collector Current —m4 


NOISE VOLTAGE TEST CIRCUIT Sie 


=e 
1 k& 


AIO uF 


Re =100 ko 


~ 1.0 mA 


+15 V FLAT 


VoE= —5 V, Ip =—1.0 mA, Re =100 kQ, Gy=80 dB. FLAT(f=10 Hz to 1.0 kHz} 
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PNP SILICON TRANSISTOR 


2SA1175 


FE 








ELECTRON DEVICE 





DESCRIPTION The 2SA1175 is designed for use in driver stage of AF amplifier. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES ® High hee and excellent linearity 7 200 TYP. | 165 MAX.) 0088 WAX. 


hee (lc =-1.0 mA} | ee ed ae 
ee ® Complementary to the NEC 2SC2785 NPN transistor. | 


~~ 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures: 


Storage Temperature... ......0000 00s —55 to +150 °C 
Junction Temperature ........... .. +150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation .............000000e. 250 mW 
Maximum Voltages and Currents (Ta = 25 °C) 
Vepo Collector to Base Voltage............. —60 V oo eee 
Vceo Collector to Emitter Voltage........... —50 V | 
Verso Emitter to Base Voltage........ Vee —5.0 V IE t § eas 
Ic Collector Current ............%.....—-100MA :2. COLLECTOR 
Ip Base Cirtiiltestcccer ess ees eta ee ees —20 mA te EE 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC / MAX. TEST CONDITIONS 
DC Current Gain Vce=—6.0 V, lc=—1.0 mA 


NF Noise Figure | Vce=—6.0 V, Ic=-0.3 mA, Rg=10 ko, 
f=100 Hz 


ft Gain Bandwidth Product | : Vce=—6.0 V, le=—1.0mA 
Cab Output Capacitance Vcep=—10 V, le=0, f=1.0 MHz 
ICBO Collector Cutoff Current Jf | Vcp=—60 V, Ie=0 

lEBO Emitter Cutoff Current rr | Vep=—5.0 V, Ic=0 

VBE Base to Emitter Voltage Vce=—6.0 V, Ic=-1.0 mA 





VCE(sat) Collector Saturation Voltage Ic=—100 mA, Ip=—10 mA 


Classification of here 
JF | FF Oo] sO KF 


—— 


fp —}— oe 





110-180 135-220 | 170-270 200 — 320 250 — 400 300 — 600 


hfe Test Conditions : Vce=—6.0 V, Ic =-1.0 mA 
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* Current Gain 


VBE{sat)~ Base Saturation Voltage— V 


2SA1175 


TYPICAL CHARACTERISTICS (Ta = 25 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 





Pr—Total Power Dissipation— mW 






|} INE 
PERE 
poh ee od 


0 eo 50 a) 100 125 


Ta=Ambient Temperature—“C 


DC CURRENT GAIN 
vs. COLLECTOR CURRENT 





— = 
8 | | 
a ee ee ee ee eee = ' 
Z [| 
es eee ee 2s Eas 
a Bae ee 














—0.5 —1 : 5 
in —~Coliector Current —mA 





—50 — 100 


COLLECTOR AND BASE SATURATION 
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hee — DC Current Gain 


fy —Gain Bandwidth Product —-MHz 


°C unless otherwise noted) 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


ic —Collector Current — mA 





Voltage—\ 


Voge —Collector to Emitter 


DC CURRENT GAIN 
vs. COLLECTOR CURRENT 
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NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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iWin 


5 





Vee — Collector to Emitter Voltage~ ¥ 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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VRE- Base to Emitter Voltage— 


OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
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NEC ELECTRON DEVICE 


NORMALIZED h-PARAMETERS 
vs. EMITTER CURRENT 
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2SA1175 
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iD) 





ELECTRON DEVICE 








DESCRIPTION 


FEATURES 





PNP SILICON TRANSISTOR 


2SA1206 


The 25A1206 is designed for general purpose amplifier and high 
speed switching applications, 


High Frequency Current Gain. 
High Speed Switching. 

Small Output Capacitance. 

Low Collector Saturation Voltage. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Maximum Temperatures 


Storage Temperature ............. 
Junction Temperature ........... 


Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation............ 
Maximum Voltages and Currents (Ta=25 °C) 
Vero Collector to Base Voltage ...... 


Vceo Collector to Emitter Voltage 


VesBo Emitter to Base Voltage ....... 
Ic Collector Current (D.C.) ....... 
Ic Collector Current (pulse) “...... 


*PW = 2 ms, duty cycle = 50 % 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
CHARACTERISTIC 


SYMBOL 


Ton 

loff 

tstg 

fy 

Cob 
NhFE1* 
NFE2Q* 
VCE(sat)” 
VBE (sat) * 
ICBO 
'EBO 


Turn-on Time 


Turn-off Time 


Storage Time 


Gain Bandwidth Product 


Output Capacitance 
DC Current Gain 
DC Current Gain 


Collector Saturation Voltage 


Base Saturation Voltage 


Collector Cutoff Current 


Emitter Cutoff Current 


* Pulsed PW =350 us, duty cycle=2 % 
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—55 to +150°C 
150 °C Maximum 










PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 
ane a 


A kere 


| 
_ 


(0.216 MAX.) 









= 


5.5 MAX. 





2.7 MIN. 
(0.5 MIN.) 


2.54 
(0.10) 
127 
(0.05) ne: 
iS < 
|= = 
ones) 
‘a 
a a es a 
1. EMITTER EIAJ SC-43B 


2. BASE JEDEC : TO-92 
» COLLECTOR IEC > PASS 


a eS 


TEST CONDITIONS 


See test circuit. 

See test circuit. 

See test circuit. 

Vee =-10 V, le =10 mA, f=100 MHz 
Vep=—5.0 V, le =0, f=1 MHz 
Vce=-1.0 V, Ilc¢=-10mA 
Voce =-1.0 V, lc=-1.0mA 
lc=-10 mA, |lp=-1.0 mA 

Ic =~ 10 mA, Ilgp=-1.0 mA 
Vcp=—8.0 V, lp =0 
Vep=-3.0 V, Ic=0 





NEC ttectron oevice 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


PT — Total Power Dissipation — mW 


IC — Collector Current — mA 


ff —Gain Bandwidth Product — GHz 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Ta — Ambient Temperature — °C 
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l—E — Emitter Current — mA 






VBE(sat) — Base Saturation Voltage — V IC — Collector Current — mA 


VCE(sat) — Collector Saturation Voltage — V 


'sw — Switching Time — ns 


COLLECTOR CURRENT vs. 
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COLLECTOR AND BASE SATURATION 
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2SA1206 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
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VCB—Collector to Base Voltage — V 
VEB—Emitter to Base Voltage — V 
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2SA1206 


SWITCHING TIME TEST CIRCUIT 
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Voc=-1.5 Vv 


130 & 






PW= 240 ns 
duty cyéles2 % 


0.1 uF 


VOUT 


input 


ton, toff Test Circuit 


Voc=—3.0 V 






2/70 2 
PW=240 ns 


duty cycle=2 % 
VOUT 

0.1 uF | 
input a 


tstg Test Circuit 


| NEC ELECTRON DEVICE 





0 







Input Waveforms 


—5.8 V- 


Output Waveforms 


i™ 


ton Test Waveforms (VAR=GROUND) 


9.8 V 








Input Waveforms 


toff. Test Waveforms (VaR=—8.0 V} 
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Input Waveforms 





Output Waveforms 


tstg Test Waveforms 
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ELECTRON DEVICE 


PNP SILICON POWER TRANSISTORS 











2SA1220,2SA1220A 





DESCRIPTION The 2$A1220, 25A1220A are general purpose transistors de- 
signed for use in audio and radio frequency power amplifiers. 
FEATURES ® Suitable for use in driver stage of 50 to 100 W audio ampli- 


fiers and output stage of TV vertical deflection circuit. 
® High Voltage and High fy 
Veeo = —120 V/—160 V (25A1220, 25A1220A) 
fy = 105 MHz TYP. (@Vce = —5.0 V, lo = —0.2 A) 
@ Complementary to the NEC 2SC2690, 2SC2690A NPN 
Transistor. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature........... .. —55 to +150 °C 

Junction Temperature ........... +150 °C Maximum 
Maximum Power Dissipation 

Total Power Dissipation (Tg = 25°C) ..... nee 420 

Total Power Dissipation (Tp = 25°C) .......... 20 W 


Maximum Voltages and Currents (T, = 25 “C) 
25A1220 25A1220A 


Vcso Collector to Base Voltage . —120 —160 V 
Vceo Collector to Emitter 

WOMB a aw «eo eo RS .. ~120 —160 V 
Veso Emitter to Base Voltage . . —5.0 V 
lc(pc) Collector Current ...... —1.2 ra 
Ic(pulse) Collector Current ..... —2.5 A 
Isipc) Base Current.......... —0.3 A 


*PW <10ms, Duty Cycle =50 % 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 





| SYMBOL 
hee. ** 
hFE2 ** 


_ CHARACTERISTIC 
DC Current Gain 105 
DC Current Gain 140 


EYP: 


ICBO 
lEBO 
VCE(sat) ** 
VBE(sat) ** 


Gain Bandwidth Product 
Output Capacitance 
Collector Cutoff Current 
Emitter Cutoff Current 
Collector Saturation Voltage 
Base Saturation Voltage 


** Pulsed /PW=350 us, Duty Cycles 2 % 


Classification of hee - 
a 
| 60t0120 | 100to 200 









160 to 320 | 


Test Conditions: Vege =—5.0 V, Ilo =—-O3 A 


105 
19 


=. = 


PACKAGE DIMENSIONS 


in millimeters (inches) 









8.5 MAX. 
(0.334 MAX.) 


2.8 MAX. 
$32 +0.2(¢ ae (0.110 MAX.) 












0.5528-08 
1 (0.021) | 


2 MIN.) 


(0.51 


323 
(0.090) (0.090) 


1. Emitter 

2. Collector connected 
to mounting plane 

3. Base 








TEST CONDITIONS 
VcE =—5.0V, ic =—5.0mA 
Vee = —5.0 V, ic =—-O.3 A 
Vce = —-5.0V, lc =-O.2A 
Vop = —10V, Ie = 0, f = 1.0 MHz 
Veg = —120 V, le =0 
Vep=—-3.0V, Ilc=0 
Ic =—-1.0 A, lp=—O.2A 
Ic =-1.0A, Ip =—-O.2A 
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2SA1220,2SA1220A 


TYPICAL CHARACTERISTICS (Ta = 


TOTAL POWER DISSIPATION vs. 
AMBIENT SEM Cer ee: 


Py—Total Power Dissipatio 





Ta- Ambient Temperature—“C 


TRANSIENT THERMAL 
RESISTANCE 


30 Se 
i= Stam BE ae re 
oo Sit ceria 
matilll aa ee aii maa 
a i a 


| | tee dette SS rr =a 
eee i” a suai 
es a oc oo Mm Maanai 





ii watt ri 
Ama nm Hl 


1 
0 


4Rt,—Thermal Resistance—“C/W 
a 


PW-—Pulse Wake ms 


COLLECTOR AND BASE 
SATURATION VOLTAGE vs. 
__ GOLLECTOR cu dh deck 


SS = as 
== oi SSS ess See 
La ffaate— fo 
2D a 


| ic= 5: lB 
Pulse Test 


= 
25nd ee ee 
MBiahei 


—— sven matae He 
SE eet 
“03 Sei Sen Set 


eh, | ae 


—0.001- 0.003 -0.01-0.03-0.1 -03 -1 ~-3-6— 
lc —Collector Current—A 


VcE(sat)~ Collector Saturation Voltage—V 


ar ~-Base Saturation Voltage—V 
7 = 
ial 
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25 °C) 


DERATING CURVE OF SAFE 
OPERATING AREA 


dT--Percentage of Rated Current—% 


T,—Case Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
TIP 


-08 


Collector Current—A 


lc - 
I 
o 
iD 





0 -10 —-20 -30 —40 -—50 —60 
Vce—Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


f7—Gain Bandwidth Product—MH 


I¢—Collector Current—A 










~DC Current Gain 


hrE- 





NEC ttectron vevice 


SAFE OPE RATING AREAS 


HE /Pw=10 ms SS 
\C(pulse) MAX. .Duty Cc cleS50 O/T TH 





VcE- Sees to Emitter Voltage—V 


DC CURRENT GAIN AND BASE 
TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 


10 aS Sa--,  ceeeoemassss 
St ee 
BB! BED nt 
7 TM te 2 





Maal 
Con | Att 
aL LU LTT TT 
—0.001-0.003-0.01-0.03-01 -03 -~-1 -3-6 
I¢ Collector Current—A 


Veep-Base to Emitter Voltage—V 


=O1 


OUTPUT AND INPUT CAPACI- 
TANCE vs. REVERSE VOLTAGE 


a a SS SS 
ai 








L 
iti Seth aT 
SSeS ieee eesti eesectss 

= — Sassi 


=o 
EH EE 


nee 


Cijp Input Capacitance— pF 
Cob — Output Capacitance—pF 
tu 
i | 


0 —30 -100 —300—1000 


Vcp—Collector to Base Voltage—V 
Veg—Emitter to Base Voltage—V 








NEC 


ELECTRON DEVICE 








DESCRIPTION The 2SA1376/2SA1376A is designed for general-purpose appli- 
cations requiring high Breakdown Voltages. 


FEATURES ® High Breakdown Voltage. 

VcEo = —180 V/—200 V (28A1376/2SA1376A) 
@ Good heg linearity. 
@ A Complementary pair with 2SC3478/2SC3478A. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ..........2200.. —55 to +150 °C 
Junction Temperature ............ 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Toltal Power Dissipation. .........0.: _,... 450 mW 
Maximum Voltages and Currents (Ta = 25 °C) 
2SA1376/2SA1376A 
Vcpo Collector to Base Voltage .. —200 V 
Vceo Collector to Emitter Voltage 
ee ee ee —180/—200 V 
Veso Emitter to Base Voltage... —5.0 V 
lc Collector Current (DC)... . —100 mA 
Ie Collector Current (pulse)... © —200 mA 
lp Base Current (DC) —20 mA 
*PW <= 10 ms, Duty Cycle <= 50 % 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
28A1376/2SA1376A 





CHARACTERISTIC MIN. TYP. MAX. UNIT 





SYMBOL 











HEE DC Current Gain 135 400/600 = 
ton Turn-on Time 0.16 ls 
toff Turn-off Time 1.5 bs 
ft Gain Bandwidth Product 80 120 MHz 
Cop Output Capacitance 3.5 4.0 pF 
lcBo Collector Cutoff Current — 100 nA 
lEBo Emitter Cutoff Current —100 nA 
VBE Base to Emitter Voltage —600 —650 —700 mV 
VCE(sat) Collector Saturation Voltage —0.2 —0.3 V 
VBE (sat) Base Saturation Voltage —0.8 —1.2 V 





Classification of hee 


| Renk | tc | kK {us | 
135 — 270 | 200 — 400 300 — 600 | 
Test Conditions: Vcge = —10 V, Ic = --10mA 

** 25A1376A has no U rank. 














Se 
a 


PNP SILICON TRANSISTORS 


2SA1376,2SA13/76A 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


5.5 MAX, 
(0.216 MAX.) 







(0.5 MIN.) 


i) 
th 
Pi 
12.7 MIN 


4.2 MAX. 
(0.165 MAX.) 


1. EMITTER ElIAJ :SC-436 
2.COLLECTOR JEDEC : TO-92 
3. BASE IEC : PASS 


TEST CONDITIONS 


Vce =—-10V, Ic =—10mA 


ic =-10 mA 

lIp1 =—lp2=-1 mA, Vec =-10 V 
Vce = —10V,l—E=10MA 

Vcp = —30 V, Ip = 0, f = 1.0MHz 
Vep = —200 V, lp =0 

VeRp = —4.0V,Ic=0 

Vee =-—10V, lc =—10mA 

Ic = —50 mA, Ip = —5.0mMA 

Ic = —50 mA, Ip = —5.0 mA 
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2SA1376,2SA1376A 


TYPICAL CHARACTERISTICS (Ta = 25 ‘C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





= L.2| 

1 | 

8 1.0 | a + 

3 | | | 

OBL oe see 

at NII 

~ 0.6 —--- ty ——-- 

o | | | j 

g | | ON | 

c a 
0 25 50 75 100 125 150 


Ta —Ambient Temperature —‘C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 








Ic —Collector Current —mA 


I¢ —Collector Current—mA 


VCE —Collector to Emitter Voltage—V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 








zs = 
= = eT LL : : 
So ee a es 
BRE ee 











hl _maE = 26 a 
Seer" tt ee aa 
a ee ee REE a 
ot 
mee a nit 









VCE(sat) —Collecturation Voltage —V 
VBE(sat) Base Saturation Voltage—V 


—0.1~0.2-0.5 -1-—2 ~5-—10-—20 —50-100 
Ic —Collector Current —mA 
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SAFE OPERATING AREAS 
(TRANSIENT THERMAL 
RESISTANCE METHOD) 


| SRR SO 7 A 
aa Fa Wa 0 






TT 





I¢ —Collector Current —mA 


—50 —100—200 —500 


—10 —20 
Vee —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


= 


—0.1 
-0.3 -04 -05 -06 -0.7 -—08 —0.9 


Vee —Base to Emitter Voltage—V 





Ic —Collector Current —mA 


hee—DC Current Gain 


GAIN BANDWIDTH PRODUCT vs. 


COLLECTOR CURRENT 





1000 
{| 
|| 

500 =e 





Nii} | 


Nitti 
oN 


f;—Gain Bandwidth Product -MHz 


1.0 20 


20 
le —Emitter Current —mA 


50 






NE 


ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO MITTER 
VOLTAGE 





—4 5 
Voe Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 






Pitti. | 1 STITT 
hh at VCE =10 ¥ 





2 ee ee eo 2 
Css 


—0.1-0.2-05-1-2 -5-—10-20-50-100 
I¢ —Collector Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE 
VOLTAGE 


Cob —Output Capacitance —pF 





-10 -20 
Vep —Collector to Base Voltage—V 


—50 —100 —200 


NEC ttectron oevict 2SA1376,2SA1376A 


SWITCHING TIME vs. 
COLLECTOR CURRENT 


t—Switching Time— ys 





~10 -20 -50 -10 -20 -50 -100 
lc Collector Current —mA 
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NEC 


ELECTRON DEVICE 











DESCRIPTION The 2SA1394 is PNP silicon epitaxial transistor designed for 
switching regulator, DC-DC converter and high frequency power 


amplifier application. 


FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 
® Low Collector Saturation Voltage. 
® High Switching Speed. 


® Complementary to 2SC3566. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature.............. —55 to +150 °C 
150 °C Maximum 


Junction Temperature ............ 


Maximum Power Dissipation (Tg = 25 °C) 


Total Power Dissipation... ........000085 25 W 
Maximum Voltages and Currents (Ta = 25 C) 
Vero Collector to Base Voltage........ —80 V 
VcEo Collector to Emitter Voltage...... —60 V 
VEBO Emitter to Base Voltage......... —12 V 
lc(oc) Collector Current (DC).......... —-5 A 
IC(pulse) Collector Current (pulse)"........ —10 A 
IB(pc) Base Current (DC)...........-. —2.5 A 
* PW = 300 ws, Duty Cycle < 10% 
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PNP SILICON POWER TRANSISTOR 


2SA1394 





PACKAGE DIMENSIONS 


| in millimeters (inches) 


10.5 MAX. 4.7 MAX 
(0.4 . (0.185) 










ie. 3.0 MAX. 
7+0.2 (0.118) 


| (0.2764 | 


@ Collector 
@ Emitter 









NW. EC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Tz = 25 °C) 


SYMBOL 


ton 


tstg 


Me 
hFe1 
| heeg 


VCE (sat) 
VBE (sat)_- 
VcEO(SUS) 


VCeEx(SUS)1 


CHARACTERISTIC 
Turn-on Time - 
storage Time 
Fall Time 
DC Current Gajn* 
DC Current Gain* 
Collector Saturation Voltage* 
Base Saturation Voltage* 


Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Vcex(sus)2 Collector to Emitter Sustaining Voltage 


IcBo 


ICER 
ICEXx1 


| ICEX2 


| lEBO 


Collector Cutoff Current 
Collector Cutoff Current 


Collector Cutoff Current 
Collector Cutoff Current 


Emitter Cutoff Current 


Classification of hres 


60t0120 | 100to 200 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


P7—Total Power Dissipation —W 


TOTAL POWER DISSIPATION 


vs. CASE TEMPERATURE 
O- 


A 


Ic —Collector Current 


FORWARD BIAS SAFE 
OPERATING AREA 


2SA1394 





- TEST CONDITIONS 


lc = —3.0 A, lp, =—Ipo=-—OS A 
Ry, = 172, Vee =—-50V 


VcE=—-5.0V, Ic =-03A 


Vee =—-5.0V, Ic =—-3.0A 


ic =—-3.0A, 1p =—-0.3A 
Ic=—3.0A,1gp=-0.3A 
Ic = —3.0A, lg = —0.3 A, L=1mH 


f= 3.0 A,le1=—Ip2=—-O9 A, 
L = 180 wH, Clamped 


Ic = —6.0 A, Ip, = —0.6 A, 
~Ipo = 0.3 A, L = 180 wH, Clamped 


Veg = —60 V, lp = 0 
Vo_e = —60 V, Ree = 512, Tg = 125 "¢c 
Vce = —60 V, VBE(OFF) = 1-5V 


VceE = —60 V, VBE(OFF) = 1-5 V, 
Ta = 125°C 


Veg =-—10V,ic=90 





* PW = 350 ws, Duty Cycle = 2 % 


Test Conditions: Veg = —5.0 V, Iq =—-3.0A 


DERATING CURVE OF SAFE 
OPERATING AREA 


% 








dT—Percentage of Rated Current - 


0 ~ 50 100 150 
T.-CGase Temperature— °C 


=4 — 10 i —, 


02550 75 100 125 150 175 
Vee Collector to Emitter Voltage—V 


T, ~ Case Temperature— ‘C 
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2SA1394 | | NEC ttectron pevice 















= TRANSIENT THERMAL REVERSE BIAS SAFE COLLECTOR CURRENT vs. 
Oo RESISTANCE OPERATING AREA SOL Lee Ton TO EMITTER VOLTAGE 
| | 
a 
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pi ==: | -4 
2 ii a ¢ - 
% Ht a o if 
zo Vie 5 : | J 
: _ me Z 
E masts Bein ae ait Bi Aritt ttt - _ /- 
Pa tt th || a ry SENET: 7 he 
= LO} be pihae eet tte » = : 8 2 
a a cb o 
= Sis ees TT gape ter Oo 3 
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; Ht Se ase a iiamaaii : | | 
3 ols i ait ) “80 “io oe ee = 
| 0.00 10 100 1000 Vce—Collector to Emitter Voltage—V Voe—Cdllector to Emitter Voltage—V 
= eri Giile Width—s 
ec 
DC CURRENT GAIN vs. > BASE AND COLLECTOR SATURATION TURN ON TIME, STORAGE AND 
COLLECTOR CURRENT a VOLTAGE Vs. SOEEeeree CURRENT FALL TIME vs. COLLECTOR CURRENT 
+ 5 | it =H Ic=10- ip1=—10- 'B2 | 
oot Sb ; 
cs FE i £4 
m YO ——— o o ) | 
o a = > ao o 
= 10 tre Gc EEw 
5 == se Eee 
5 et BS she 
om a 2 Ost 
3 2n =o 
ral . | i 7 A= 
l 8 @ = So —— ey & S 
Li} oO c Hy 
= Ti SP 
a) 
i | aie ; . 0.01 
-0.01-002-005-O1-02-05-1-2 -5-10 Wi-001 005-01 —05-1 —5-10 : 
Ic — Collector Current—A >> in —Collector Current—A Ic Collector Current—A 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


| 
oo ——nne— _ U.T a 
i mk —50 V 


PW+50 us 
Duty Cycles2 % 
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ELECTRON DEVICE 


DESCRIPTION The 2SA1395 is PNP silicon epitaxial transistor designed for 


FEATURES 


» fe 


ABSOLUTE MAXIMUM RATINGS 


PNP SILICON POWER TRANSISTOR 


2SA1395 








PACKAGE DIMENSIONS 


switching regulator, DC-DC converter and high frequency 
power amplifier application. 





in millimeters (inches) 


10.5 MAX. 


4.7 MAX. 
(0.413 MAX.) 


(0.185) 
—~3.0 MAX. 
| (0.118) 









® Easy mount by eliminating Insulation Sheet and Bushing. 
® Low Collector Saturation Voltage. 

® High Switching Speed. | 
® Complementary to 2SC3567. a] 


7+0.2 


| (0.276)| 


Maximum Temperatures 








Storage Temperature.............. °~55to +150 °C - 
Junction Temperature ............ 150 °C Maximum 25 
Maximum Power Dissipation (T, = 25 °C) =o 
Total Power Dissipation .............:.. 95 W 
Maximum Voltages and Currents (Ta = 25 “C) (0.051) 
Vcso Collector to Base Voltage ........ —100 V ier 
Vceo Collector to Emitter Voltage...... -~100 V fot) 
VEBO Emitter to Base Voltage...... 7-70 V D Base 
lcioc) Collector Current (DC).......... —2.0 A | ® Collector 
ICiputse) Collector Current (pulse)"........ —-4.0 A a cidade 
IB(pc) Base Current (DC)............. —10 A 
* PW Ss 300 us, Duty Cycle = 10% a | 





ELECTRICAL CHARACTERISTICS (T, = 25 ‘C) 


SYMBOL 
ton 
| tstg 
MFE1 
NFE2 
| VCE (sat) 
VBE (sat) 


VCEO (SUS) 
| Vcex (Sus)1 


| VCEx (SUS)2 


IcBO 
ICER 
IcEx1 


| IceExa 


'EBO 


Classification of hres 


M 
| 60 to 120 | 100 to 200 


CHARACTERISTIC MIN. 


TYP. MAX. UNIT, TEST CONDITIONS 
Turn-on Time _ 0.5 us ae . 7 7 
Storage Time 1.5 us (ic peeeeties oe ese 
Fall Time 0.5 us tL ieee 
DC Current Gain** 40 - Vee =—-5.0 V, le =-O.1A 
DC Current Gain** 40 200 a Ve\e =-—5.0V, lr =-10A 
Collector Saturation Voltage* * —0.6 V lc =-1.0A, lg =—O0.1A 
Base Saturation Voltage* * —1.5 V Ic =-1.0A,l— =—-—0.1A 
pe tein to Emitter Sustaining ~100 V Ic =-1.0 A, Ip =—0.1A,L=1mH 
Collector to Emitter Sustaining ~100 Vv lc = =. 0 A, |B4 =—Ip9 =—0.1 A, 
Voltage L = 180 wH, Clamped 
Collector to Emitter Sustaining 100 Vv lc = —2.0'A, Igy = —0.2 A, —Ipo = 0.1 A, 
Voltage L = 180 wH, Clamped 
Collector Cutoff Current —10 BA Vep =-—100V, le =0 
Collector Cutoff Current —1.0 mA Vce = —100 V, Ree = 51 2, Ty = 125°C 
Collector Cutoff Current —10 BA Voce = —100 V, Vee(oFF) = 5.0 V 
Collector Cutoff Current 1000 ©6ma 0 YCE=—100V, VBE(OFF) = 9-0, 

Tg =125 C 

Emitter Cutoff Current —10 LA Veg =—-5.0V, Ic =90 


** PW < 350 us, Duty Cycle = 2% 





1. T* 





Test Conditions: Vcg = —5.0 V, Ic =—1.0A 
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2SA1395 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE 





15 
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Te —Case Temperature— °C 


TRANSIENT THERMAL RESISTANCE 


crn et etn te VCE= —10¥V 
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PW—Pulse Width—s 





Rthqj—c)~ Transient Thermal Resistance—°C/W 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


—S ee a se ==s sd i i 


SS ——F—— 


ae an —a —— Ht 7 es 
a 





VCE(sat)~ Collector Saturation Voltage—V 
VBE(sat) Base Saturation Voltage—V 


MU - 0.005 001-002 -0.05-01-02 —05 
Ic —Collector Current—A 


1.0 -2.0 
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A 


I¢—Collector Current 


—0.02 


FORWARD BIAS SAFE OPERATING 
AREA 


H Tc=25 'C 


— ot — PS Single Pulse | 
i 
ae 


VCE> eee to Emitter Voltage—V 


REVERSE BIAS SAFE OPERATING 
tlds 





-80 
Vcge Collector to Emitter Voltage—V 


—40 -120 


BASE AND COLLECTOR SATURATION 


VOLTAGE vs. COLLECTOR CURRENT 


- “10S aE C= 10: ‘Ip 
— 5.0 SE Pulsed 
moail tt tooth 
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NEC etectron pevice 





OPERATING CURVE OF SAFE 
OPERATING AREA 


dT—Percentage of Rated Current—% - 





T.—Case Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
-2.0 — 


A 


Ic Collector Current 


Ge 
PS am 
fc kSe Re ee, 


se Goliscior ts Emits isiades ; 


-0.4 
| 





TURN ON TIME, STORAGE AND FALL 
TIME vs. COLLECTOR CURRENT 


= a 10*lp,=-10+ 4 
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0) ieee 
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tstg storage Time—ps 


fon Turn on Time— gs 
t;—Fall Time 





0.05 —0.1 —O2 0.5 
le~Collector Current—A 


10 -2.0 


NEC ttectron oevice 2SA1395 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


Ry =50 Q 


ST at eee 


PW tic 


‘a1 


Ov fr, U.T _ 
| . a Taont 
¢ “Ie | "CC 


2 ° 
PW=50 us VeRe5 V 
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PNP SILICON POWER TRANSISTOR 


2SA1396 






iD) 


ELECTRON DEVICE 








DESCRIPTION The 2SA1396 is PNP silicon epitaxial transistor designed for switch- 
ing regulator, DC-DC converter and high frequency power amplifier 


PACKAGE DIMENSIONS 


in millimeters (inches) 


application, ™ 
FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 
| ® Low Collector Saturation Voltage. 
® High Switching Speed. 


| | , {3.0 MAX. 
® Complementary to 2SC3568. | | rey 3.2+0.2 Lee 
ABSOLUTE MAXIMUM RATINGS | — az 
Maximum Temperatures er = 
Storage Temperature ...........2..2+-% —55to+150°C |! : “| jes 
Junction Temrmperature ............. 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) Ss 
Total Power Dissipation: «eases ee er re . 30 W zo = 
Maximum Voltages and Currents (T,=25 °C) aS 
Vcso Collector to Base Voltage ......... —100 V stot (Hl ties 
Vceo Collector to Emitter Voltage .... . 7 ={00 yo |} Seen - tt 
VeRO Emitter to Base Voltage .........% -7.0 V | 01) a 
Ic(pc) Collector Current (DC) .......... ~10 A a, 
Ic(pulse) Collector Current (pulse)" ........ —20 A | « , 7 : esis 
ls(pc) Base Current (DC) ............. —50 A sa 2 Emitter 





ELECTRICAL CHARACTERISTICS (T, =25 C) 
SYMBOL CHARACTERISTIC 
| ton Turn-on Time 
tstg Storage Time 
te Fall Time 
hee DC Current Gain** ( VceE=—-5.0V,Ic=—O.5A 
hee? DC Current Gain** Voce =—5.0 V, Ic =-3.0A 
hFE3 DC Current Gain** ? VcE=—5.0 V, Ic =—5.0A 
VCE (sat) Collector Saturation Voltage** lc =—5.0 A, lp=—O5A 
VBE (sat) Base Saturation Voltage** . Ic=—5.0A,!lp=—O5A 






TEST CONDITIONS 


ee A, lpi, =—Ip2=—O.5A 
RL =10 2, Vec=50 V 


Collector to Emitter Sustaining 
Voltage 


Collector to Emitter Sustaining Ic=—5.0 A, Igy =—Ip2=—0.5 A, Tg = 125 °C, 
Voltage L=180 wH, Clamped 
| . Collector to Emitter Sustaining Ic=—10A, 1p1=—1.0 A, —lp2=0.5 A, 
VCEX (SUS) 7 
CEXISUSI2 Voltage L=180 pH, Clamped 
IcBo Collector Cutoff Current Veg =-—100 V, le =0 
ICER Collector Cutoff Current Vce =—100 V, Ree =51 2, Tg=125 °C 
ICEXx1 Collector Cutoff Current VceE =-—100 V, VeBE(OFF) =1-.5 V 
IceExK? Collector Cutoff Current 1. Vce =—100 V, VgE(OFF) =1-5 V, Tg = 125 °C 
lEBO Emitter Cutoff Current Vep=—5.0 V,Ic=0 
oe |  **PW = 350 us, Duty Cycle = 2 % 


VcEO (sus) Ic=—5.0 4A, Ip =-—05 A, L=1mH 


| VCEx (SUS)1 


Classification of hres 


Cane [ mw Tu [ *« 
| Range | 40 to 80 60to 120 | 100 to 200 









Test Conditions: Voce =—5,0 V,IG=—3.0A 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, =25 °C) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 


mA 


PT —Total Power Dissipation—W 
lc Collector Current 





50 06 75 


Case Temperature 


100 125 150 175 


Te ‘¢ 
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FORWARD BIAS SAFE OPERATING 


Single Pulse 
F 





ail A Att 
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0.01 RHE | 


—10 
ie Collector to Emitter Voltage—V 


REVERSE BIAS SAFE OPERATING 
AREA 
10 





- 20 60 ~80~100-120- 
Vce- Collector to Emitter Voltage—V 
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BASE AND COLLECTOR SATURATION 


VOLTAGE vs. COLLECTOR CURRENT 
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Ic ides ee he 


Turn on Time os 


tstg Storage Time ws 


ton 


A 


le Collector Current 


dT Percentage of Rated Current--% 


25A1396 


DERATING CURVE OF SAFE 
OPERATING AREA 





Te —Case Temperature— °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





Vce-— Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR CURRENT 
pd——ss 
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2SA1396 NEC tcectron vevice 





SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


IB1_ 


| nm 
‘i | ¢ Ip2 | 
“VIN | A 
PW+50 us 

Duty Cycles? % 


RL=10 Q — 
oe oa [ue 
er a ; {Ic 7 


+—1 
ey 
ra] 
& 
on 
o 
= 


VBB=5 V 





on istg tf 
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iD) 


ELECTRON DEVICE 





DESCRIPTION The 2SA1409 is designed for general-purpose applications requiring 


High DC Current Gain. 


FEATURES ® High DC Current Gain. 
= ® High Vego : Vego > —10V 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature.......... 


Junction Temperature ......... 


Maximum Power Dissipation (Tg = 


Total Power Dissipation..... 


Maximum Voltages and Currents (Ta = 25 C) 
Vergo Collector to Base Voltage 
Vceo Collector to Emitter Voltage 


Vepo Emitter to Base Voltage 


le Collector Current ....... 


Ip Base Current........... 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC 





— — ae ee ee ee ee 


heei” DC Current Gain 
| hegeo* DC Current Gain 
| f+ Gain, Bandwidth Product 
Cob Output Capacitance 
ton Turn-on Time 
tt Storage Time 
toff Turn-off Time 
ICBO Collector Cutoff Current 
leBo Emitter Cutoff Current 
| Vee” Base to Emitter Voltage 
VCE(sat)” Collector Saturation Voltage 
VBElsat)” Base Saturation Voltage 
*Marked items are Pulse Test : PW 250 ws, Duty Cycle < 2 % 


Classification of hee, 













Hf 


500 to 1000 
Test Conditions: Vee = = 


800 to 1600. 
5.0 V, Ile =—-1.0mA 


hee = 500 to 1600 (@ Veg = —5.0 V, Ic = —1.0 mA) 





PNP SILICON TRANSISTOR 


2SA1409 









PACKAGE DIMENSIONS 


in millimeters (inches) 









5.2 MAX. 


55 MAX. 
(0.216 MAX.) 










buivenee a —55 to +150 °C 22 | 
o P ~ = 
tee ee es 150°C Maximum a2 
a eees ae ie 250 mW 
sé hee : .. —25 V ~ iB 
*S 
Sued cele ea esse —25 V = 
“eaeus ea —10 V 
1, EMITTER EIAJ +:SC-43B8 
; aah wee —150 mA 2. COLLECTOR JEDEC : TO-92 
3. BASE IEC : PASS 
Sew ote : —10 mA 








TEST CONDITIONS 
Vce = —5.0 V, le = -1.0 mA 
Voce = —5.0 V, Ic =—100 mA 
Vee =—5.0 V, lp =10 mA 
Vop = —5.0 V, Ie = 0, f = 1.0 MHz 
‘Vcc = —10 V, Vee loft) = 2.7 V 
Ie = —50 mA 
“et =~Ipo=—1.0mA 
Vcp =—25V, Ile =0 
Veg =—7.0 V, Ic =0 
Voce =—5.0 V, Io =—-1.0mA 
Ic = —50 mA, Ip = —5.0 mA 
lc = —50 mA, lp = —5.0 mA 
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2SA1409 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P7—Total Power Dissipation —-mW 
Ww 





0 25 50 75 100 125 150 


COLLECTOR CURRENT vs. 
EMITTER TO BASE VOLTAGE 


Ic —Collector Current —mA 





93-04 -05 -06 —07 —-08 —09 
Veg—Emitter to Base Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
pL COLLECTOR CURRENT 


100 —— ae 





f7—Gain Bandwidth Product —MHz 
° 
o 


— 1.0 —3.0 —-10 —30 -- 100 
I¢ —Collector Current —mA 
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I¢ —Collector Current—mA 


COLLECTOR CURRENT vs. 
Pett d TO EMITTER VOLTAGE 





o -4 -8 -i2 —-16 —20 
Vee —Collector to Emitter Voltage—V 


Dc CURRENT GAIN vs. 
a ee CURRENT 





—DC Current Gain 


AFE 


10 iz | 
—-0.1-03 -—1.0 —30 —10 30 —-100 
I¢ —Collector Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


“cr eo 
an I 
a 


CT CT 
a 






Cob —Output Capacitance —pF 


nae a oe 
O5ULLIT ft | TT erty 
—0.5 -1.0-20 -5.0 -10 -20 —-50 
Vop Collector to Base Voltage—V 





NEC tcectron evict 





COLLECTOR CURRENT vs. 
je Nase SL TO eee VOLTAGE 


I¢ Collector Current mA 





=F =4 6 -8 —T0 
Vice —Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
bf eligi vs. COLLECTOR beheld 











- | i] A i 
ith og =100-lp | | LU 


sat Ll 






VCE(sat) Collector Saturation Voltage —-V 
VBE(sat) — Base Saturation Voltage-V 


—-0.1-6.3 --1.0 —3.0 -10 —30 —100 
I¢ —Collector Current —mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 


7 1.0} 

@ 

E 

= 

2 0.3) 

= 

= 

Boy 1B1 = —I82 

U VBE(off)* 2.5 V : 

Voc=—10 V 

0035-39 Bie -10 -20 -50—100 


I¢ Collector Current —mA 


E 


ELECTRON DEVICE 






PNP SILICON TRANSISTOR 


The 25A1410 is designed for general-purpose applications requiring 


hee = 500 to 1600 (@ Veg = —5.0 V, Ic = —1.0 mA) 


DESCRIPTION 
High DC Current Gain. 
FEATURES ® High DC Current Gain. 
= ® High Vego : Vepo > —10V 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ............0008. 


Junction Temperature ............00. 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation .........0000e8 cease 
Maximum Voltages and Currents (Ta = 25 °C) 

Vcepo Collector to Base Voltage | 

Veeco Collector to Emitter Voltage 


Vepo Emitter to Base Voltage 


Ic Collestom Current «24% 2252 as0¢00% 002 


lp Bree PENN yx tees: dy Sed tas Sr eee a ee es 


ELECTRICAL CHARACTERISTICS (T, = 25 C) 


SYMBOL CHARACTERISTIC 





hee.” DC Current Gain 500 
hee?" DC Current Gain 200 
fT Gain Bandwidth Product 
Cob Output Capacitance 
| ton Turn-on Time 
tf Storage Time 
| toff Turn-off Time 
lego Collector Cutoff Current 
leBo Emitter Cutoff Current 
| Vee* Base to Emitter Voltage 
VCE(sat)* Collector Saturation Voltage 
VBE(sat) Base Saturation Voltage 


*Marked items are Pulse Test : PW 350 us 
Duty Cycle = 2% 


Classification of heey 


— 
600 to 1000 | 800 to 1600 | 





Rank 
Range 


Test Conditions: Vee =—5.0 V, Ic =-1.0 mA 


MIN. 


e 8 £ &¢£ © + + + + mo & 


TYP. 


1000 
400 
200 
4.6 
0.12 
0.58 
0.75 





—580 


—0.15 


—-0.8 


= == « FF + FE © 8 FF © F HH FH FF 
—_— 


MAX. 


1600 


—100 
— 100 


—0.30 
—1.2 


—55 to +150 °C 
150 °C Maximum 


UNIT 


MHz 
pF 
LS 
Ls 
us 
nA 
nA 
mV 
V 
V 







2SA1410 





| PACKAGE DIMENSIONS | 


in millimeters (inches) 


2.2 MAX. 
(0.086 MAX.) 
| 16 = 


(0.165 MAX.) 








| 4.2 MAX. 
: 
| 





250 mW 
—-25 V 
—95 V 1.27(0.05) 1.27(0.05) 
—10 V 
—150 mA 
—~10 mA 1. EMITTER 
2. COLLECTOR 
3. BASE 
TEST CONDITIONS 





Vice = —5.0 V, le =—71.0 mA 
Vee = —-5.0 V, le = —100 mA 
Vee = —5.0V, lo =10mA 

Vcp = —5.0 V, |p = 0, f = 1.0 MHz 
Voc = —10 V, VBE (off) = 2-7 V 

| lc = —50 mA 

\IB7 =-Ip9=-1.0mA 

Veop = —25V, Ile =0 

VeRa- —-7.0V, le =0 

Voce =—-5.0 V, lc = —-1.0mA 
Ic = —50 mA, ig = —5.0mA 
Ic = —50 mA, Ip = —5.0 mA 
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2SA1410 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





—Total Power Dissipation -mW 
: Ww 
I¢ —Collector Current —mA 


PT 


0 25 50 75 100 125 150 
Tg~Ambient Temperature —"C 


COLLECTOR CURRENT vs. 
EMITTER TO BASE VOLTAGE 
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GAIN BANDWIDTH PRODUCT vs. 
‘ COLLECTOR CURRENT 
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ft —-Gain Bandwidth Product —MHz _, 
Cob —Output Capacitance —pF 


—30 -10  —30 —100 
l¢ —Collector Current —-mA 
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COLLECTOR CURRENT vs. 
pe eee eee EMITTER VOLTAGE 


NE Cc ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





=e. oe Se Se een 
Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CU RR ENT 





1 . ne 
—0.1 —0.3 -1.0 -—-3.0 -10 —-30 —100 


I¢ —Collector Current —mA 


OUTPUT CAPACITANCE vs. 


sor I TO BASE VOLTAGE 





0205 —1.0 —2.0 
Vop—Collector to Base Voltage—V 


—§.0-10 -20 -50 


VcE(sat) Collector Saturation Voltage —V 
VBE(sat) Base Saturation Voltage—V 





0 =e a a aT, 
Vcp—Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 








a ee rtitit— 
-— —_—= rr +t -+4e 4 2 
—0.3 + Son beets 
pt 


6-100: ‘Ip 
VcE(sat) re . 


~0.01l Lu } P 
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Ic—Collector Current —mA 


SWITCHING TIME vs. 
COLLECTOR pho ttt 


I¢=50-lB1 
| '81 = —'B2 | 
VBE(off) * = 2.9 VF 


0. 


—-5.0-10 -20 —50—-100 
Ic —Collector Current —mA 


NEC 


ELECTRON DEVICE 


PNP SILICON POWER TRANSISTOR 


2SA144 
















DESCRIPTION The 2SA1441 is PNP silicon epitaxial transistor designed for 
switching regulator, DC-DC converter and high frequency power PACKAGE DIMENSIONS 


in millimeters (inches) 
amplifier application. 






10.5 MAX. 
(0.413 MAX ) 


® Low Collector Saturation Voltage. 
® High Switching Speed. 
® Complementary to 2SC3691. 


: 

FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 
ABSOLUTE MAXIMUM RATINGS 

Maximum Temperatures | 

Storage Temperature .............04. —55 to +150 °C 

Junction Temperature ............. 150 °C Maximum | 


Maximum Power Dissipation (Te = 25 "C} | 





a | o8tolf 

Total Power Dissipation. ...........50005 25 W | (0.031) ] 
Maximum Voltages and Currents (Ta = 25 ‘C) 
VcsBo Collector to Base Voltage ......... —100 V 
VcEo Collector to Emitter Voltage....... —60 V © Base 
@ Collector 

VEBO Emitter to Base Voltage.......... —7.0 V @ Emitter 
le(ioc) Collector Current (DC)....... ...- —5.0 A 
Ic(puise) Collector Current (pulse)"......... —10 A ea ene eee 
Isipc) Base Current(DC)............., —2.5 A 


* PW = 300 us, Duty Cycle =10 % 
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2SA1441 NEC trectron DEVICE 





ELECTRICAL CHARACTERISTICS (T, = 25 ‘C) 












SYMBOL ~ CHARACTERISTIC MIN. TEST CONDITIONS 











ton Turn-on Time 0.3 Ls , | 
. Ic =—-3.0 A, lpi = —Ipg=—0.15A 
tstg Storage Time 1.5 us md =17 9, Vee +50 V 
| te Fall Time 0.3 us 
tee DC Current Gain . 100 - VcE=—-2.0V, Ic =—-0.5A 
heeoe DC Current Gain 100 400 - Vce =-2.0 V, le =-1.0A 
hee3* DC Current Gain 60 — VCE = ~2.0 V, Ic =—-3.0A 
| VCE (sat)* Collector Saturation Voltage —0.3 Vv Ic =-3.0 A, lp =—O.15 A 
VBE(sat)” Base Saturation Voltage . —1.2 V lc =-3.0A,Ilg=—O.15A 





Collector to Emitter Sustaining 





-60 V Ic =-3.0 A, Ip = —0.3 A, L=1mH 














VCEO(SUS) Voltage 
Vv Collector to Emitter Sustaining _60 Vy Ic = -3.0 A, lp, =—Ipa=—-O03 A, 
CEX(SUS) Voltage T, = 125°C, L = 180 wH, Clamped 
lcBo Collector Cutoff Current —10 uA Vcp =—60V, lp =O | 
IcCER Collector Cutoff Current —1.0 mA Vce = —60 V, Ree = 502, Tg = 125°C 
ICEX1 Collector Cutoff Current —10 uA Vce = —60 V, Vge(OFF) = 1.5 V 
IceEx? Collector Cutoff Current —1.0 mA Vce = —60 V, VeE(OFF) = 1-5 V, Ta = 125 "Gl 
lEBO Emitter Cutoff Current —10 uA Veg =—5.0V, lc =0 
Cob Output Capacitance 130 pF Vcp =—10V, le = 0, f= 1.0 MHz 






fT Gain Bandwidth Product Vce =—10V,lc=—-O.5A 


*PW =350 us, Duty Cycle = 2% 


Classification of hres 


100 to 200 | 150to300 | 200to 400 


Test Conditions: Vog = —2.0V, Ic =—1.0A 
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NE Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, =25 ~C}) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 
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Tc —Case Temperature— °C 


TRANSIENT THERMAL 
RESISTANCE 
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sf ail 
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a eee a | sa LE 
1 a ae a a 


i ati aii 
0.001 001 01 1 10 100 ‘ono 


PW—Pulse Width--s 






Rth(j _c)~ Transient Thermal Resistance—‘C/ 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


Si et aesaiii 

i Saami jim 
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Ic —Collector Current—A 
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acestiti eae Sette Te =25 G 
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Fa? ah 
a”. aeecti 
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—10 -100 
pes Collector to Emitter Voltage—V 


REVERSE BIAS OPERATING 
AREA ~ 





0 —~20 —-40 -60 -80 —100 
Voce —Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURA- 
TION VOLTAGE vs. COLLECTOR 
CURRENT 


















Hh Baal 





I¢—Collector Current—A 


dT—Percentage of Rated Current—% 


ic—Collector Current—A 


Time— es 
tstg— Storage Time—ws 
Fall Time— ps 


te 


2SA1441 





DERATING CURVE OF SAFE 
OPERATING AREA 





0 50 100 ~ 150 
Te —Case Temperature— °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 





0 =} -2 ~3 ~4 
Voge Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR 
CUR RENT 





I¢ —Collector Current—A 
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2SA1 441 | | NEC ELECTRON DEVICE 





GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
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| ee 
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cob ~ Output Capacitance—pF 





f7-—Gain Bandwidth Product—MHz 


I¢ —Collector Current—A Vep- —Collector to Base Voltage—V 


SWITCHING TIME (toy, tstg, t) TEST CIRCUIT 


ses 


VIN 





PW=+50 ws 
Duty Cycles2 % 


Veap=5 V 
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PNP SILICON POWER TRANSISTOR 


2SA1442 


NEC 


ELECTRON DEVICE 











DESCRIPTION The 25A1442 is PNP silicon epitaxial transistor designed for fo ee ae | 
PACKAGE DIMENSIONS 


switching regulator, DC-DC converter and high frequency power in millimeters (inches) 


amplifier application. 


10.5 MAX. 
{0.413 MAX.) 





FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 
®@ Low Collector Saturation Voltage. 
® High Switching Speed. 
® Complementary to 2SC3692. 






ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures. 





SLORAGS TEMPENSIUIE aie owns eed a 5 —55 to +150 °C 


13.5 MIN. 
(0.531) 


Junction Temperature ........ ..... 150°C Maximum 


Maximum Power Dissipation (T, = 25 °C) 





Total Power Dissipation ...........000008 30 W (0.0! 
Maximum Voltages and Currents (Tz = 25°C) ~ (00 
Vcpo Collector to Base Voltage......... —100 V (0.1) 
VcEo Collector to Emitter Voltage....... —-60 V | \D Base 
; @ Collector 
VeBOo Emitter to Base Voltage.........:. —7.0 V | @ Emitter 
Icipc) Collector Current (DC)........... —-70 A | 
Ic(pulse) Collector Current (pulse)”........ , APA he ee 
IBipc) Base Current (DC)..........008. —3.5 A 


*PW = 300 us, Duty Cycle =10% 
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2SA1442 NEC ttectron vevice 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 






SYMBOL CHARACTERISTIC MIN, TYP, MAX. UNIT TEST CONDITIONS 


ee 






ton Turn-on Time 0.3 us 





ic = —4.0A, lpi =—!p2=-0.2A 









tstq Storage Time 1.5 Ms Ri =12.5 2, Veco = —50 V 

| t¢ Fall Time 0.3 us 

| heeq* DC Current Gain 7 100 ~ Voce =—-2.0V, Ic =-0.7A 
hee" DC Current Gain 100 400 a Vee = -2.0V,lc=—-15A 

hres" DC Current Gain 60 = VcE= ~2.0V, Ic =-4.0A 

VCE (sat)" Caliector Saturation Voltage —0.3 Vv lc = -4.0A, 1g =-0.2A 
VBE (sat) Base Saturation Voltage | —1.2 V Ic = —4.0A, Ig =-—-O.2A 














| Wicca van to Emitter Sustaining _60 y, ig= +404; p= “0.4 Rie sei 
Orewinngs “oe to Emitter Sustaining _60 7 ; pela ae ee 
IcBO Collector Cutoff Current —10 uA Veg =~ -60 Vr lee 
ICER Collector Cutoff Current —1.0 mA Vce = —60 V, Ree = 509, T3 = 125°C 
ICcEx1 Collector Cutoff Current —10 LA Vce = —60 V, Vee(orF) = 1.5 V 
lcEXx?2 Collector Cutoff Current —1.0 mA Vce = —60 V, Vee(orf) = 1-5 V, Tg = 125°C 
| lERO Emitter Cutoff Current —10 uA Veg =—5.0 V, Ic =0 
Cob Output Capacitance 180 pF Vcp =—10 V, Ile = 0, f = 1.0 MHz 
| ft Gain Bandwidth Product 40 MHz VcE=—10V, Ic =—-1.0A 






* PW <350 us, Duty Cycle <2% 


Classification of hres 


roe [we 
| Range | 100to 200 | 150to300 | 200 to 400 


Test Conditions: Veg = —2.0 V, ic =—1.5A 
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| Ni E ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


PT Total Power Dissipation W 


Rth(j-c) —Transient Thermal Resistance—“C/W 


i — = 
ee ee eer 
1000 
Ee 
= ' 
io) PT 
~~ = | ii 
Cc | ! 
o tii 
a PS eeeitiae 
i . 
= 7 TTT 
oO. TOM 
& —— ee 
| i : 
ui — on ae 
: {| 
Lo 





0. | imal on iW | 
0.001 0.01 0.1 1 10 100 
PW—Pulse Width—s 





TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 


M _ 












0 25 50 75 100 125 #150 175 
Te Case Temperature - “C 


TRANSIENT THERMAL 
RESISTANCE 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


Ic —Collector Current—A 


VCE(sat) Collector Saturation Voltage—V 


VBE(sat)— Base Saturation Voltage—V 


100 eee 
—— Eeresir 


lc —Collector Current—mA 


I¢ —Collector Current -—A 





0 —-70 —40 





FORWARD BIAS SAFE 
OPERATING AREA 


Te=25 °C. 
BE 


ett tert Single Pulse 
| | 01)| 
Al 









IC(pulse) MAX. in 


Vce—Collector to Emitter Voltage—V 


REVERSE BIAS SAFE 
OPERATING AREA 








—60 


—80 
Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURA- 
TION VOLTAGE vs. COLLECTOR 
CURRENT 






EH Ic=20- 
Fry Pulsed 









+ —4— pe 

| 

a 
| 


ja 





I¢ — Collector Current—A 











—100 






tste Storage Time— ys 


ton~ Turn on Time—yws 
ts—Fall Time—ys 


% 


dT--Percentage of Rated Current 





I¢- Collector Current—A 








2SA1442 





DERATING CURVE OF SAFE 
OPERATING AREA 





50 100. ®+©#«150 


Te —Case Temperature— °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


Vce—Collector to Emitter Voltage-V 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR 
CURRENT 


PF ic = 20-Ip1 =—20-Ip2 
Sense SSE 












le- Collector Current—A 
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2SA1442 NEC ciccreon oevce 





GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 


a 









fy—Gain Bandwidth Product —MHz 
Cob —Output Capacitance — pF 





-0.1 ~1 —10 —100 
Ic —Collector Current—A Vcp—Collector to Base Voltage—V 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


PW=50 ws 


Duty Cycles 2 % ‘BETS ¥ 
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PNP SILICON POWER TRANSISTOR 


2SA1443 


NEC 


ELECTRON DEVICE 














PACKAGE DIMENSIONS 


in millimeters (inches) 


DESCRIPTION The 2SA1443 is PNP silicon epitaxial transistor designed for ; 
switching regulator, DC-DC converter and high frequency power 









amplifier application. 


10.5 MAX. 


FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. (0.413 MAX. 


® Low Collector Saturation Voltage. 


® Complementary to 2SC3693. 


® High Switching Speed. | | 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............224. —55 to +150 °C | 


Junction Temperature ...........4. 150 °C Maximum 


13.5 MIN. 


Maximum Power Dissipation (To = 25 °C) 


Total Power Dissipation. ..........0.00085 30 W 
Maximum Voltages and Currents (Tz = 25 “cy. 2 | 
Vcso Collector to Base Voltage ......... —100 V | 
VcEO Collector to Emitter Voltage....... —60 V : eas 
VeEBO Emitter to Base Voltage.......... —7.0 V @ Emitter 
Icipc) Collector Current (DC)........... —-10 A 
Ic(puise) Collector Current (pulse)"......... —20 A L— nis, 
IBioc) Base Current (DC).............. —5.0 A 


* PW =300 ws, Duty Cycle = 10 % 
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2SA1443 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL 
ton 
tstg 
a 
hFe1- 
hFE2" 
hFE3" 
| VCE(sat)” 
VBE(sat)” 


VCEO(SUS) 


VCEX(SUS) 


ICBO 
ICER 
ICEX1 
ICEX2 
lEBO 
| Cob 
7 


CHARACTERISTIC 
Turn-on Time 
Storage Time 
Fall Time 
DC Current Gain 
DC Current Gain 
DC Current Gain 


-€ollector Saturation Voltage 


Base Saturation Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 
Emitter Cutoff Current 


Output Capacitance 





Gain Bandwidth Product 





PW < 350 us, Duty Cycle <2 % 


Classification of hres 


| Range | 100 to 200 | 150t0300 | 200to 400 


Test Conditions: Veg = —2.0 V, Ic =—2.0A 
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NE ELECTRON DEVICE 





TEST CONDITIONS 


2 
aaa 


Rc =8.3 2, Veco =50V 


Voce =—-2.0V, Ic =—-1.0A 
VcE=—-2.0V, Ic =-2.0A 
Voce =—2.0V, Ic =—-6.0A 
Ic =-6.0A, Ip =—O.3A 
Ic = -6.0A, ip = —0.3 A 


lc = -6.0A, 1p =—0.6 A, L=1mH 


Ic = —6.0A, lp, = —Ipo = —0.6 A, 

T, = 125 °C, L = 180 wH, Clamped 

Veg =—60V, Ie =0 . 

Vce = —60 V, Reg = 502, T,= 125°C 

Voce = —60 V, Vge(OFF) = 1-5 V 

Vce = —60 V, Vee(OFF) = 1.5 V, Tg = 125°C 
Veg = —5.0V,1¢=0 

Veg = —10 V, Ie = 0, f = 1.0 MHz 
VoE=—-10V, Ic =-1.0A 


NEC trectron oevice 2SA1443 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION FORWARD BIAS SAFE DERATING CURVE OF SAFE 
vs. CASE TEMPERATURE OPERATING AREA OPERATING AREA 













PT Total Power Dissipation W 
I¢ —Collector Current—mA 





dT—Percentage of Rated Current—% 





0-25 50 75 100 125 150 175 Oo 50 100 150 
Te Case Temperature C Vop—Collector to Emitter Voltage—V Te—Case Temperature—°C 














= COLLECTOR CURRENT vs 
: TRANSIENT THERMAL REVERSE BIAS SAFE OPERATING COLLECTOR TO EMITTER 
| RESISTANCE AREA VOLTAGE 
a se at = — 
¢ 1000S ieee ies VCE—10 V ” 
= awe Pe a 
6 Ty Single Pulse < -6 
A Hl maui | ce | 
2 oe ee eee | ey 
<i ot = . 
= Peete ttt & = | 
= | —_ 3 | 
5 S oa 
- 5 = 
< 4 2 
= = oe = 
= a] | 
= | —2| oO 
| a || L = 
> 0.001001 01 #=+1 #4210 100 1000 | | 
S PW—Pulse Width—s 0 a —40 —60 0 =1 2 ae 
= Vce—Collector to Emitter Voltage—V Vce—Collector to Emitter Voltage—V 
BASE AND COLLECTOR SATURA- TURN ON TIME, STORAGE AND 
DC CURRENT GAIN vs. 2 TION VOLTAGE vs. COLLECTOR FALL TIME vs. COLLECTOR 
COLLECTOR CURRENT 7 CURRENT CURRENT 
_ : @ (Oe s _ 
= Sn <9 => = =— él: IB? 
10000 TEES vce=-20V m0 > lee 20 sai = 20 be 
— A FH pylsed |3& HH + —+—+ 
= Fewest SS eet 8° 
be | i LU oc i | q 
bi eS > 2 Ey 
- corr 6S ol 
: Hitt § 5% e 
3 == == ! a S 7 S k 
ee = ce oF 
Oo i owns ee 7H = 
oO hh —— pd 4 £ a E “t 
| fT anil re ed j | ‘ean 
uu II HHH i} = 8 a | +: 
5 Se O = Ht 
See || 
mail SS Se i f 
CO oc ih) 8 8 oo1Ll 
-0.01 —O.1 = —-10 -100 W w 
Ic —Collector Current—A = lg~Collector Current —- ae ROR Suse =e 
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2SA1443 NEC itectron otvice 





GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. | 

COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
Ln 1000 nd —— = - 
L = 





iW = ee ee 
chet 






‘- 


fy—Gain Bandwidth Product—M 
Cop — Output Capacitance — pF 


I¢—Collector Current—A Vep—Collector to Base Voltage—V 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


PW=+50 us 
Duty Cycle=2 % 





162 






PNP SILICON POWER TRANSISTOR 


2SA1444 


NEC 


ELECTRON DEVICE 








DESCRIPTION The 2S5A1444 is PNP silicon epitaxial transistor designed for [~~ 


PACKAGE DIMENSIONS 


in millimeters (inches) 





switching regulator, DC-DC converter and high frequency power 


amplifier application. 


FEATU RES ® Easy mount by eliminating Insulation Sheet and Bushing. 







® Low Collector Saturation Voltage. Petene 3.0 MAX 
® High Switching Speed. Kro276)] | 





® Complementary to 2SC3694. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature................ 55 to +150 °C | 


; | 
Junction Temperature ............. 150 °C Maximum 








Maximum Power Dissipation (Tg = 25 °C) 





13+02 oO5+01] 





Total Power Dissipation. ..............6.. 30 W (0.051) oo2o)|} [(0.098) | 
Maximum Voltages and Currents (Ts = 25 °C) : “{0058) 

Vecso Collector to Base Voltage......... —100 V ae 

VcEO Collector to Emitter Voltage ae | : vena 

Vergo Emitter to Base Voltage.........., —~7. | Sinise | 

lc(oc) Collector Current (DC)........... 

lc(pulse) Collector Current (pulse)*......... 3 = | 

lgioc) Base Current (DC).............. 





* PW < 300 us, Duty Cycle = 10 % 





163 


2SA1444 | | NEC tvectron oevice 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC MIN. : . TEST CONDITIONS 


: Ic = —6.0 A, lp, =—Ipo=-0.4A 


t Storage Time 
stg ial RL =6.3 2, Voc = —50 V 


| tf Fall Time 
heei* — DC Current Gain . : Vee = —-2.0 V, lc =—-1.5A 
hee” DC Current Gain Vce=—-2.0V, lc =—-3.0A 
hee3* _ DC Current Gain VcE=—-2.0V, Ic =-8.0A 
VCE(sat) Collector Saturation Voltage Ic =—-8.0A, ip=—-0.4A 
VBE(sat)* Base Saturation Voltage 2 Ic =—-8.0A, |p =—-O0.4A 


Collector to Emitter Sustaining 


Vaitece Ic = -8.0A, lp =~+0.8A, L=1mH 


| VCEO(SUS) 
Vreweuui vay to Emitter Sustaining . ic Rail lpi =—lpo2=—-O.8A, 
oltage Tg = 125 °C, L = 180 wH, Clamped 
IcBo Collector Cutoff Current Veep =—60 V, lp =0 
ICER Collector Cutoff Current : : Vce = —60 V, Reg = 502, T, = 125°C 
ICEX14 Collector Cutoff Current Vce = —60 V, Vee(oFF) = 1.5 V 
IcEx? Collector Cutoff Current : Voce = —60 V, Vge(oFF) = 1-5 V, Tg = 125°C | 
lEBO Emitter Cutoff Current | Vep =—5.0V,I¢=0 
Cob Output Capacitance | Veg = —10 V, Ile = 0, f = 1.0 MHz 
| fF Gain Bandwidth Product Voce =—-10V, Ic =—-1.5A 





* PW s 350 us, Duty Cycle s 2 % 
Classification of hrea 
L 
| 100 to 200 | 150to300 | 200to 400 





Test Conditions: VceE = —-2.0 V, Ic =-3.0A 
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NEC ttectron vevice 


TYPICAL CHARACTERISTICS (T, = 25 “C) 


TOTAL POWER DISSIPATION 
VS. CASE Sida Sasrtanaiede 
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DC CURRENT GAIN vs. 
COLLECTOR SURGE. 


oe 
ed See 
on ian an 
hie 
——— 


— fo 


hee—DC Current Gain 





—Q. i —1 10 
I¢—Collector Current —~A 


Collector Saturation Voltage—V 
VBE(sat) ~ Base saturation Voltage—V 


FORWARD BIAS SAFE 
OPERATING AREA 


Sa pe Tee 25 °C 


—100 


I¢ — Collector Current—A 


Vce—Collector to Emitter Voltage—V 


REVERSE BIAS SAFE OPERATING 


AREA 
—10/ 


A 
co 


| 
om 
| 
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lc —Collector Current 
| 
a i 


—60 
Voge —Collector to Emitter Voltage—V 


0 “20 — 40 


I¢ —Collector Current—A 










BASE AND COLLECTOR SATURA- 
TION VOLTAGE vs. COLLECTOR 
CURRENT 





2SA1444 





DERATING CURVE OF SAFE 
OPERATING AREA 








-Percentage of Rated Current—% 





dT 


0 50 100 150 
Te—Case Temperature— °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


| 
— 
ho 


I¢—Collector Current—A 





Voe—Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR 
CURRENT 
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2SA1444 


GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 







7 
* 


Cob—Output Capacitance—pF 





f>—Gain Bandwidth Product —-MHz 





seni 

10 iil 

—0.01 —0.1 —1 —10 o- O.1 —10 - 100 
Ic —Collector Current—A Veg —Collector to Base Voltage—V 


SWITCHING TIME (ton, tetg, ts) TEST CIRCUIT 


at 


VIN 





PW+50 us 
Duty Cycle=2% 


Vep=5 V 
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E 


DESCRIPTION 


FEATURES 


ELECTRON DEVICE 





The 2SA1458 is designed for general purpose amplifier and high. 


speed switching applications. 


@ High Frequency Current Gain. 

®@ High Speed Switching. 

® Small Output Capacitance. 

® Low Collector Saturation Voltage. 

® Complementary to the NEC 2SC3731 NPN transistor. 


ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 


Maximum Temperatures 


Storage Temperature............. —55 to +150 °C 

Junction Temperature ........... 150 “C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 

Total Power Dissipation ............. - 250 mW 
Maximum Voltages and Current (Ta = 25 °C) 

Vcso Collector to Base Voltage....... —-40 V 

Vceo Collector to Emitter Voltage..... —40 V 

Verso Emitter to Base Voltage...... ay - 7o0 V 

Ie Collector Current (DC) ........ —200 mA 


ELECTRICAL CHARACTERISTICS (Tz = 25 °C) 


SYMBOL 
ton 

‘stg 

toff 

fT 

Cob 
hFe1* 
hFEQ* 
VCE(sat)* 
VBE (sat)* 
ICBO 
'EBO 


CHARACTERISTIC _ 
Turn-on Time | 
Storage Time 
Turn-off Time 
Gain Bandwidth Product 
Output Capacitance 
DC Current Gain 
DC Current Gain 
Collector Saturation Voltage 
Base Saturation Voltage 


Collector Cutoff Current 





Emitter Cutoff Current 


* Pulsed PW = 350 us, Duty Cycle = 2% 


Classification of hee; 





L | K 
75to 150 | 100to200 | 150to 300 


hFei Test Conditions : Vce =—-1.0V, lc =—100mA 


PNP SILICON TRANSISTOR 


2SA1458 





| PACKAGE DIMENSIONS 
in millimeters (inches) 
4,2 MAX. 2.2 MAX. 

(0.165 MAX.) (0.086 MAX.) 

| ; 6 









3.2 MAX. 
(0.125 MAX.) 


12,5 MIN. 
(0.493 MIN.} . 


1. EMITTER | 
2. COLLECTOR | 
3. BASE 


TEST CONDITIONS 
See Test Circuit. 
see Test Circuit. 
see Test Circuit. 
Vce = —20 V, Ile = 10 mA, f = 100 MHz 
Ven =—5.0 V, le =0, f= 1 MHz 
Vee =-1.0 V, ic = —100 mA 
Vce =-—1.0 V, le =—1.0mA 
Ic = —50 mA, !—p=—5.0mA 
Ic = —50 mA, Ig =—5.0mA 
Veg =—30 V,le=0 
Veg =—3.0V, Ic =0 
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2SA1458 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


P7—Total Power Dissipation—mW 





50 100 150 
Tg -Ambient Temperatur e—°C 


Oo 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


I¢ ~Collector Current mA 





‘0 —-02 -04 —-06 -08 —1.0 -12 
Vee ~—Base to Emitter Voltage —V 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


ft~Gain Bandwidth Product MHz 


le—Emitter Current—mA 
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COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 









| 

7 8 
Bd | 
S| 


le —Collector Current—mA 


=-20 -30 -40 —50 
Voce Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 







e pe is nee mA 





hee—-DC Current Gain 


ho 
S 





101, 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
30 


TUM TTT =1.0 maz 
|) le =O(Cob) 
) ie =O(Cip) 


nui 

za 

otis | 
Ch 


TS St 


Tmt TT 


imal 


Cob Output Capacitance —pF 
Cip— Input Capacitance —pF 





0 ~3.0 —10 —30 —100 
Veg Collector to Base Voltage—V 


VeR—Emitter to Base Voltage—V 


NE 


ELECTRON DEVICE 





COLLECTOR CURRENT vs 
~100r- 





I¢ — Collector Current—mA 





Voce Collector to ie is V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs COLLECTOR CURRENT 


to ITT te= 10 


-2.0 
sesso 
Si a ae --~ .. 
eer TT 





| 
—_ 
o 





-05 
—0.2 
0.1 
Sitti satis 
=aa? Seiisvemerpss ere aan 
-0.03 SHiieeet aati 


0.1 —0.3-10 —3.0 -10 —30 -100 
I¢ —Collector Current—mA 


VCE(sat)~ Collector Sataration Voltage—V 
VBE(sat) Base Saturation Voltage— 


TURN ON TIME vs. 
etieleeted dale shalhditecki . 


ton Turn On time—ns 





-4.0-—6.0-8.0-10 -20 -40-60-80-100-200 
le: Collector Current—mA 


NEC trectron oevice 2SA1458 





FALL TIME vs. 











RISE TIME vs. STORAGE TIME vs. : 
COLLECTOR CURRENT COLLECTOR CURRENT | COLLECTOR CURRENT 
1000 rr 1000-—— i 
800C re 
600;/— 
¢ 400] 
| c 
@ | 
E 200 o 
= E 
oh 100 ee - a 
Se Saessieaee. : 
= 60 con ara wT a . 
* 40 i ONE i, a 
a7 





Ne! 
r a mS TTi tt | rol 
| im - i 2Gen | 10| 
-4.0-6.0-8.0-10 -20 -40-60-80-100 -200 -2.0 -4.0-6.0-8.0-10 -20 
I¢—Collector Current—mA I¢— Collector Current—mA 


-20 -4.0-60-8.0-10 -20 -40-60-80-100 ~200 
l¢— Collector Current—mA 


SWITCHING TIME TEST CIRCUIT 


Ves 0.5 V Vec 3.0 V INPUT 


—— VIN 
five] 


OUTPUT 





PW=300 ns 

t-< 1.0 ns 

Zin = 20 (} 

Duty Cycle=2 % 


ton SWITCHING ton =te tty 


Vee: 11 ¥V Voor =-3.0 V 
INPUT 





OUTPUT 





PW=300 ns 

tp<1.0 ns 

Duty Cycle=2 % 
torp SWITCHING toff =tstg +t 
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PNP SILICON TRANSISTOR 


-2SA1459 





ELECTRON DEVICE 








DESCRIPTION The 2SA1459 is designed for general purpose amplifier and high . | Shi 
| speed switching applications. PACKAGE eee 
in millimeters (inches) 


. | 






FEATURES ® High Frequency Current Gain. 10. 168 MAK) tones MA) 
® High Speed Switching. . Z "ae 
“~, > @ Small Output Capacitance. == 
® Low Collector Saturation Voltage. 6" es 
ABSOLUTE MAXIMUM RATINGS (Tg=25 °C) 
Maximum Temperatures ies ae 
Storage Temperature............. -55 to +150 °C Pee — 
Junction Temperature ........... 150 °C Maximum . aS 
Maximum Power Dissipation (Tg =25 °C) = 
Total Power Dissipation. ................ 250 mW 
Maximum Voltages and Currents (Tg=25 °C) | 
Vecso Collector to Base Voltage .......... —-15 V 0.05) 
Vceo Collector to Emitter Voltage ........ =1509 | —_ 
Veso Emitter to Base Voltage .......... + -4.5 V li 23 % 2 3 
lc Collector Current (DC) .......... —50 mA ~ JL 2 
lc Collector Current (Pulse)”.......... —100mA 3 3 . pie 


3. BASE 


a 





* PWs 2 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL —~—s CHARACTERISTIC HIN, . TEST CONDITIONS 








Turn-on Time | See Test Circuit. 

Turn-off Time see Test Circuit. 

Storage Time n See Test Circuit. 

Gain Bandwidth Product Vce=-10 V, lp =10 mA, f=100 MHz 
Cob Output Capacitance : : Vcp=—5.0 V, ie =0, f=1 MHz 
hee,** DC Current Gain : Vce=-1.0 V, Il¢=-10 mA 
hre2** DC Current Gain | : Vce=-1.0 V, Ic =-1.0 mA 
VCE(sat)”~ Collector Saturation Voltage , Ic =-10 mA, |lp=—-1.0 mA 
V BE(sat) ** Base Saturation Voltage Ic =-10 mA, Ig=—-1.0 mA 
ICBO Collector Cutoff Current | Vcp=—8.0 V, le=0 
lEBO Emitter Cutoff Current Vep=-3.0 V, Ic=0 





** Pulsed PW < 350 us, Duty Cycle < 2 % 


Classification of heey 


hee? Test Conditions: Vcg = —1.0 V, Ic = —10mA 
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NEC crectron vevice 


TYPICAL CHARACTERISTICS (T, = 25 C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


PT — Total Power Dissipation — mW 





100 
Ta— Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


IC — Collector Current — mA 
VCE(sat) — Collector Saturation Voltage —V 





=< =<08 —09 —L0'—1.4 
VeeE— Base to Emitter Voltage — V 


—0.5 —0.6 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


8.0 TTllit 6 TC 
Tr tictl 





{T ~ Gain Bandwidth Product — GHz 


40 608010 20 


20 


0.6 081.0 


le — Emitter Current —mA 


IC — Collector Current — mA 


VBE(sat) — Base Saturation Voltage —V 


tsw — Switching Time —ns 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
—20—- 





-0.6 -08 -1. 


VCE — Collector to Emitter Voltage — V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


ae - 


= ag 


Et Noa 


“Al ar - 05-10 = 


= 


—5.0 ~10 —50 -100 


Cib — Input Capacitance — pF 


Ic — Collector Current — mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 


=—-|p9=1/10 Ic 
| PW=1 us Duty Cycle = 


—0 =< —20 





=2 % | 


1.0 


I¢ — Collector Current — mA 


hFE — DC Current Gain 


Cob — Output Capacitance — pF 


2SA1459 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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l¢ — Collector Current — mA 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 





—-10 =-20 


4b 
—0.5 


VCB —Collector to Base Voltage —V 
VEB— Emitter to Base Voltage —V 


-50 -10 —-20 
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2501459 


SWITCHING TIME TEST CIRCUIT 
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Vec=—1.5 Vv 






130 9 
PW=240_ns_ ¥ 
Duty Cyctes2 % "OUT 


0.1 uF 
input 





50 2 


ton, toff Test Circuit 


Yoo=—-3.0 ¥ 






270 
PW=240 ns 


Duty Cycles2 % | 

VOUT 
0.1 eF 

input 


tstg Test Circuit 


NEC crectron oevice 





0 












Input Waveforms 


—5.8 V 


T 


ton Test Waveforms (VaB=GROUND) 


9.8 V 
Input Waveforms 


0 


Output Waveforms 


toff Test Waveforms (VgRB=—8.0 V) 


30 ¥——_ 


Input Waveforms 







Output Waveforms 


tstg Test Waveforms 
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ELECTRON DEVICE 








DESCRIPTION The 25A1460 is designed for power amplifier and high 
speed switching applications. PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES ® High speed, high voltage switching. 


7.0 MAX. 1.2 
| ® Low Collector Saturation Voltage. a eee 
ae ® Complementary to the NEC 2SC3733 MPN transistor. | E 
” = 
ABSOLUTE MAXIMUM RATINGS S 
Maximumed emperatures oi | 
Storage Temperature......... —55 to +150 °C zz | 
Junction Temperature ....... 150 °C Maximum So | 
Maximum Power Dissipation (Ta = 25 °C) aS | 
Total Power Dissipation ............08. 1.0 W yest 
Maximum Voltages and Currents (T, = 25 °C) x 
Vcpo Collector to Base Voltage...... +60 V = 
Vceo Collector to Emitter Voltage.... -—45 V a= gn 
Vepo Emitter Base Voltage......... —5.0 V . “SB < 
Ic(oc) Collector Current (DC)........ 10 A Secs 
IC(puise) Collector Current (pulse)*.... . = —2.0 A 3. Base 


*PW = 10ms, Duty Cycle < 50% 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC : DO MAX. | TEST CONDITIONS 


ban Turn-onTime = ———<C—~SCt Vee = —10V 
Ic = —500 mA 


tstg Storage Time 
lpi =—lpo=—50 mA 


toff Turn-off Time 

fT Gain Bandwidth Product Vee =—-10V, le = 100 mA 
Veg =-—10V, lp =0,f=1MHz 
Vce = —10 V, Ic =—-5O mA 
Vee = —10 V, Ic = —500 mA 


| Cob Output Capacitance 

hee1* DC Current Gain 
| hFEQ* DC Current Gain 
| VCE(sat)* Collector Saturation Voltage Ic = —500 mA, Ip = —5O mA 
lc = —500 mA, Ip = —5O mA 
Vcp = —45 V, Rep¢ = 0 
Ven =—4.0V,lc=0 


| VBElsat)* Base Saturation Voltage 


Ices Collector Cutoff Current 


leBo | Emitter Cutoff Current | 
* Pulsed PW = 350 us, Duty Cycle = 2% 


Classification of hee, 


ieee NE. 
60 to 120 


heey Test Conditions: Vce = —10 V, Iq = —50 mA 










PNP SILICON TRANSISTOR 


2SA1460 
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(0.354 MAX.) 
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2SA1460 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Py—Total Power Dissipation—W 


50 75 100 125 150 


0 25 
T,—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTEA 
VOLTAGE 


I¢—Collector Current—A 


Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOA 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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Ic¢—Collector Current—A 


VCE(sat) ~Collector Saturation Voltage—V 


VBE(sat)~ Base Saturation Voltage —V 
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SAFE OPERATING AREA 
(TRANSIENT THERMAL 
RESISTANCE METHOD) 
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lc : Collector Current 








=1 -2  -5 -10-20 —50—100 
Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





a aT i 
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l¢—Collector Current—A 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 








[¢—Collector Current 
Oo 


0 - 0.2-0.4-06 -0.8-10-12-14-16-18-20 
Vce—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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-600 -—700 —-800 ~—900 ~1000 
Vee-—Base to Emitter Voltage—mvV 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 





-2. -5 —20 ~50—100 
Vop—Collector to Base Voltage—V 


NEC tcectron vevice | 2SA1460 





SWITCHING TIME vs. 
COLLECTOR CURRENT 





a — vce= -10 v 
| ip2 











“| Duty Cycles 2 % 


= TH —-— 
TTT 1 —T 





10 m-20 m 
Ic: Collector Current—A 


SWITCHING TIME TEST CIRCUIT 


Voc =—10V 


Vout 
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PNP SILICON POWER TRANSISTOR 


2SA1486 


NEC 


ELECTRON DEVICE 











DESCRIPTION The 2SA1486 is designed for use in high speed and high volt- 
age switching. 
It is suitable for switching regulators, DC-DC converters and 
ultrasonic appliance applications. 


PACKAGE DIMENSIONS 


in millimeters (inches) 











8,5 MAX. 
2.8 MAX. 
 cletceaiaslatay, (0.110 MAX.) 

$3.2 = 0.260.126) at 





FEATURES -~_- ® High speed switching 
® High Voltage 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


(0.472 MAX.) 

















Storage Temperature............ —55 to +150 °C Fy 

Junction Temperature .......... 150 °C Maximum = 
Maximum Power Dissipation (T. = 25 °C) rs 

Total Power Dissipation ............ 15 W © 
Maximum Voltage and Currents (Ta = 25 °C) 0.8338 | 

Vcgo _ Collector to Base Voltage.... —600 V sti Ye eos 

VcEO Collector to Emitter Voltage... -600 V (0.090)) (0.090) 

VEBO Emitter to Base Voltage..... -—/.0 V 

Icioc) Collector Current (DC) ..... -—10 A | (==) 

Ic(pulse) Collector Current (Pulse)” ... -—2.0 A 





*PW = 300 us, Duty Cycle = 10 % 






1. Emitter 
2. Collector connected to mounting plane 
3. Base 







ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC ) > MAX. UNIT. TEST CONDITIONS 


$< ——{. ee 


Turn On Time : 0.5 us 
Ic =-—0.5 A, lp, = —Ilp2=—0.1 A 


Storage Time 5.0 
~ HS | ORL = 500 &, Vec+—250 V 


Fall Time d 0.5 MS 
heeq** DC Current Gain 120 Voce =-5.0V,Ic =—0.1A 
heEQ** DC Current Gain Voce =-5.0V, Ic =—O0.5A 
VCE(sat)** Collector Saturation Voltage Ic = —0.3 A, Ip = —0.06A 
VBElsat)** Base Saturation Voltage . Ic = —0.3 A, Ig = —0.06 A 
IcBo Collector Cutoff Current | Vcp = —600 V,Il— =0 





lEBO Emitter Cutoff Current ow Veg =-—7.0V,ic=9 


** Pulsed: PW < 350 us, Duty Cycle <2 % 


Classification of hee, 


Test Conditions: Voge = —5.0 V, Ic = —0.1A 
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NE ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tz = 


PyT—Total Power Dissipation —W 


I¢—Collector Current —mA 


VBE(sat)~ Base Saturation Voltage—V 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





25 °C) 


Ic —Collector Current—A 


0 50 ~ 100 150 200 


Ta~Amdient Temperature—"C 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 





CL eae 
| a= ae 
: amas = 
A 


“60 f= Senceece 


Voe—Collector to Emitter Voltage—V 


COLLECTOR AND BASE 
SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


VCE(sat)~ Collector Saturation Voltage—V 


0,005 —0.01—0.02 —0.05 —0.1 —02 
I¢—Collector Current—A 





lc —Collector Current—A 





tstg—Stroge Time— us 





FORWARD BIAS SAFE 
OPERATING AREA 


. SSS SSC = 


fqn ttt — | 4 4 


—1.0 =r 10 —30 100 — 300 — HS 


Vce—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


a eo 
0 —O2 -04 -06 -08 -10 -12 -14 -16 
VBE —Base to Emitter Voltage—V 


TURN OFF TIME vs. 
COLLECTOR CURRENT 





I¢—Collector Current—A 


I¢ — Collector Current —A 


hfe - DC Current Gain 


ft —Gain Bandwidth Product — MHz 


2SA1486 





REVERSE BIAS SAFE 
OPERATING AREA 





~ —200 —400 —690 -800 —1000 
Voce —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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I¢—Collector Current—A 


GAIN BANDWIDTH PRODUCT vs. 
oo COLLECTOR CURRENT 
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I¢ —Collector Current — mA 
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2SA1486 


Cob— Output Capacitance— pF 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


-36 —i0°. 39. —100  —300 


Vcp-—Collector to Base Voltage—V 


Rth— Transient Thermal Resistance—“°C/'W 


TRANSIENT THERMAL RESISTANCE 


a anil ioe ra 
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ELECTRON DEVICE 








NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SA1544 is designed for uses of high-resolution monitor 
TV applications. This makes it possible to raise the video band 
of high-resolution monitor TVs to 50 MHz. 

FEATURES @ High fy: f¢ = 300 MHz TYP. (@Vce = —30 V, Ie = 30 mA) 


@ Low C,p: Cop = 3.3 pF (@Vecp = —30 V) 
®@ High Voltage=Vego = Vceo = —250 V 

@ High Total Power Dissipation: P; = 0.75 W 
e Complementary to 2SC3999 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
‘Storage Temperature............. 
Junction Temperature 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation... ........20 8 es 750 mW 
Maximum Voltages and Current (T, = 25 °C) 

Veso Collector to Base Voltage —250 V 

VcEO Collector to Emitter Voltage. -—250 V 

VERO Emitter to Base Voltage —5.0 V 

lc Collector Current -—100 mA 


ELECTRICAL CHARACTERISTICS (Tg = 25 ‘C) 






VESDR 





Electrostatic Discharge-Resistant 


Classification of hee 
















L 


K 
| 100 to 200 


160 to 320 





60 to 120 





Test Conditions: Veg = —10 V, Ic = -10 mA 





SYMBOL CHARACTERISTIC MIN, TYP MAX. UNIT 
hee DC Current Gain 60 —si15O— QD 
| f7 Gain Bandwidth Product 200 300 MHz 
Cob Output Capacitance es 3.7 pF 
| IcBo Collector Cutoff Current —100 nA 
| lEBO Emitter Cutoff Current —100 nA 
| VCE(sat) Collector Saturation Voltage —0.12 —0.3 V 
| VBE(sat) Base Saturation Voltage —0.73 =1.2 Vv 






PNP SILICON TRANSISTOR 


2SA1544 


PACKAGE DIMENSIONS 


in millimeters 


0.2 MAX. 


12.7 MIN. 


:SC-438 
: TO-92 
: PASS 


1. Emitter ElAJ 
2. Collector JEDEC 
3. Base iECc 





TEST CONDITIONS _ 


Sn ee ee 








Vce = -10V, lc =-10mA 
Vee =-30 V, le =30mA 

Veg = —30 V, le = 0, f = 1. MHz 
Vcp = —200 V, le =O 

Vea = —3.0 V, lc =0 

lc = —10 mA, Ip = —-1.0mA 

lc = —10 mA, Ig = -1.0mA 

C = 1000 pF, E-B Reverse Bias 











* Pulsed PW < 350 us, Duty Cycle < 2% 
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2SA1544 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
9 AMBIENT TEMPERATURE 


Py—Total Power Dissipation ~~ W 





0 25 50 75 100 125 150 
~ Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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Vee —Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


500 


| 


f>—Gain Bandwidth Product —MHz 





-10 “50-10 =50 — 100 
Ic — Collector Current —mA 
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FORWARD BIAS SAFE 
OPERATING AREA 


a Single Pulsed 
i a 












ic Collector Current— A 
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Eee 
ra 


—i0 -50 —100—200 


Voge Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


al. = 


ba + — —Voe=~10 





hee —DC Current Gain 


Ic — Collector Current -mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Cop ~ Output Capacitance — pF 





TO 3050 100-200 300 500 
Vep—Collector to Base Voltage—V 


AWG ELectRON DEVICE 





COLLECTOR CURRENT vs. 
persed TO EMITTER VOLTAGE 
3 . 


I¢ —Collector Current—mA _ 





“12 -16 —20 
Vce— Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE Vs. COLLECTOR CURRENT 


Collector and Base Saturation Voltage—V 
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PNP SILICON TRANSISTOR 
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ELECTRON DEVICE 








DESCRIPTION The 2SA1545 is designed for uses of high-resolution monitor [ 
TV applications. This makes it possible to raise the video band PACKAGE DIMENSIONS 
of high-resolution monitor TVs to%50 MHz. in millimeters 


7.0 MAX. 


FEATURES ® High fr: f¢ = 300 MHz TYP. (@Vc_e = —30 V, Ie = 30 mA) 
om ® Low Ci: Cob = 353 pr (@Vcp = —30 V) 
~ ® High Voltage:?Wcgo = Vceo = —250 V 
® High Total Power Dissipation: P7 = 1.0 W 
® Complementary to 2S5C4000 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


= 

Storage Temperature............. —55 to +150 °C | = 

Junction Temperature .......... 150°C Maximum ai 
Maximum Power Dissipation (Ta = 25 °C) | 

Total Power Dissipation ..........+-e5n00008 1.0 W | 
Maximum Voltages and Current (Tz; =25 °C) 

VcBo Collector to Base Voitage —250 V 

VcEO Collector to Emitter Voltage - 250 V 

VeBO Emitter to Base Voltage —5.0 V 

Ic Collector Current —100 mA 


1. Emitter 
2. Collector 
3. Base 





ELECTRICAL CHARACTERISTICS (T, = 25 ‘C) 
















| SYMBOL CHARACTERISTIC TEST CONDITIONS 





hee DC Current Gain | 7 60 150 320 = Vce =—-10V, Ic =—-10mA 
tT Gain Bandwidth Product 200 300 MHz Vee = —-30 V, le =30mA 
Cob Output Capacitance gud 3.7 pF Veg = —30 V, Ie = 0, f = 1 MHz 
IcBO Collector Cutoff Current 100 nA Vep =—200 V, l— =0 
| leBO Emitter Cutoff Current 100 nA Ven =-3.0V, Ic =0 
VCE (sat) Collector Saturation Voltage ~0.12 —0.3 V Ic = —10 mA, Ip = —1.0 mA 
VBE (sat) Base Saturation Voltage —0.73 aca Fe Vv Ic = —10 mA, Ip = —-1.0 mA 







Electrostatic Discharge-Resistant - C= 1000 pF, E-B Reverse Bias 


* Pulsed PW < 350 ws, Duty Cycle < 2 % 
Classification of hre 


Test Conditions: Vere = —10 V, lq = —-10mA 
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2SA1545 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Free Air 


Py~--Total Power Dissipation—W 





Ta—Ambient Temperature =—"C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
~1207>— : — 

— 100} 


—80 


l¢—Collector Current —mA 
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Vee—Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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I¢—Collector Current —A 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


FORWARD BIAS SAFE 
OPERATING AREA 











He 
man 
EES 

—50 - 100 —200 


lc —Collector Current-—mA 





i — | q : F -—V 
VcE—Collector to Emitter Voltage—V Voce Collector to Emitter Valtage 


COLLECTOR AND BASE SATURATION 


DC CURRENT GAIN vs. VOLTAGE vs. COLLECTOR CURRENT 


COLLECTOR CURRENT 





hee —DC Current Gain 





I¢— Collector Current —mA 


Ic¢—Collector Current —mA 


VCE(sat),”BE(sat)~ Collector and Base Saturation Voltage—V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Cob — Output Capacitance— pF 





—30—50 — 100-200 =o 0 
Vop—Collector to Base Voltage—V 
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DESCRIPTION The 2SA1546 is designed for uses of high-resolution monitor | 


FEATURES 


- 
i 





TV applications. This makes it possible to raise the video band 
of high-resolution monitor TVs to 50 MHz. 


® High fy: f¢ = 300 MHz TYP. (@Vce = —30 V, Ie = 30 mA) 
® Low Cup: Cop = 3.3 pF (@Vecg = —30 V) 
® High Voltage: Vcgo = Vceo = —250 V 
@ High Total Power Dissipation: 
Pr(Ta/Te ='25 °C) = 1.3 W/7 W 
® Complementary to 2SC4001 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature............. —55 to +150 °C 

Junction Temperature .......... 150°C Maximum 
Maximum Power Dissipation 

Total Power Dissipation (Tg = 25°C) ........ 1.3 W 

Total Power Dissipation (Tp = 25°C) .......4.. 7W 
Maximum Voltages and Current (Tg = 25°C) - 

Vcso Collector to Base Voltage —250 V 

VcEO Collector to Emitter Voltage -—250 £V 

VEBO Emitter to Base Voltage —5.0 V 

Ic Collector Current —100 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


“SYMBOL 


NFE 
fT 
| Cob 


lEBO 

VCE (sat) 

VBE (sat) 
| VESDR 


CHARACTERISTIC 
DC Current Gain 
Gain Bandwidth Product 
Output Capacitance 
Collector Cutoff Current 
Em itter Cutoff Current 
Collector Saturation Voltage 


Base Saturation Voltage 





Electrostatic Discharge-Resistant 


PNP SILICON POWER TRANSISTOR 


2SA1546 















PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 


3.2+0 a aes 126 


2.8 MAX. 
: (0.110 MAX.) 
a | | 


————=— 


) 


—— 


2.0 MAX. 
(0.472 MAX 


13.0 MIN. 
(0.512 MIN.) 


1. Emitter 
2. Collector connected to mounting plane 
3. Base 


- TEST CONDITIONS 
Vice =—-10V, Ic = —-10 mA 
Vce = —30 V, lp =30mA 
Veg = —-30 V, le = 0, f = 1 MHz 
Vcp = —200 V, le =0 
Veg =—-3.0V, le =0 
lc = —10 mA, Ip = —1.0 mA 
Ic = —10 mA, Ip =—1.0mA 
C = 1000 pF, E-B Reverse Bias 


* Pulsed PW < 350 us, Duty Cycle < 2 % 





2SA1546 


TYPICAL CHARACTERISTICS (T, = 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P7—Total Power Dissipation—W 


0 20 40 60 80 100 120 140 160 
Ta—Ambient Temperature—"C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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I¢—Collector Current—mA 


184 





25 °C) 


hee —DC Current Gain 


Cop— Output Capacitance — pF 


FORWARD BIAS SAFE 
OPERATING AREA 





“=o -50 —100-200 
Voge —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT | 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


-50-— 


I¢ —Collector Current —mA 





0 -4 -8 -12 -16 —20 
Voge —Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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1¢—Collector Current — mA 


VCE(sat), VBE(sat) — Collector and Base Saturation Voltage—V 
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DESCRIPTION The 258564 is designed for use in driver and output stages of 














audio frequency amplifiers. PACKAGE DIMENSIONS 
: in millimeters (inches) 
a 70 MAX 2 
FEATURES @ High Total Power Dissipation: (0.275 MAX.) (0.047) | 
1.0 W at 25 °C Ambient Temperature. =a 
= ® Complementary to the NEC 2SD471 Transistor. 2s | 
+ | 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures sz 
| s=| | 
storage Temperature ............ —55 to +150 C oP | 
Junction Temperature .......... +150 “C Maximum “S | 
Maximum Power Dissipation (Ta = 25 °C) sas ” L | 
Total Power Dissipation ...............+ 1.0 W One et as 055.501 | 
. =s (0.022) 
Thermal Resistance(Junction to Ambient). . 125 °C/W ToS. |Sm 
Maximum Voltages and Currents (Ta = 25 ‘C) =o = 
1. EMITTER = 
Vepo Collector to Base Voltage......... —30 V 2. COLLECTOR ~ | 
ae | 
VceoQ Collector to Emitter Voltage...... . —25V eee bbc in ae ell 
Veso Emitter to Base Voltage.......... —5.0V 
lc Collector Current s..40% 66 200-08. —1.0A 
Ip Base CUNPONE 52 ae bee a elew a Wes —0.1A 


CHARACTERISTIC , : i TEST CONDITIONS 


oon 


DC Current Gain Vce=-1.0 V, lc=-0.1 A 
DC Current Gain Vce=-1.0V, Ic=-1.0 A 
Gain Bandwidth Product Vce=-6.0 V, Ie=—-10 mA 
Collector to Base Capacitance | Vcp=-6.0 V, [e=0, f=1.0 MHz} 
IcBO Collector Cutoff Current Vcpz-30 V, Ie=0 
leEBo Emitter Cutoff Current Vep=-5.0 V, Ic=0 
VeE Base to Emitter Voltage Vce=-6.0 V, Ic=—10 mA 


VCE (sat) Collector Saturation Voltage Ic=-1.0 A, Ip=—0.1 A 





VBE (sat) Base Saturation Voltage E Ic=-1.0 A, Igp=—0.1 A 


Classification of heey 
K 





200 — 400 


hee, Test Canditions: Veea-1.0 V, le=—O.1 A 
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2SB564 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


FP; — Total Power Dissipation -—W 


i¢— Collector Current—A 


TOTAL POWER DISSIPATION vs, 
AMBIENT TEMPERATURE 


0 50 100 150 200 
Ta—Ambient Temperature — T 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





‘HY : | 
. | 2 
2 


i;-—Collector Current — mA 


Q =—O4.° =—0,8-—-<—1L2 


Vce—Coliector to Emitter Voltage —V 


COLLECTOR CURRENT vs, 
BASE TO EMITTER VOLTAGE 
— 1000 





04-05 -06 -0.7 -0.8 —-09 -1.¢ 
Vag —Base to Emitter Voltage -V 
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—1.6 





Collector Current—A 


Ir: _ 


—Collector Saturation Voltage—V 


Vee (sat) 


hee DC Current Gain 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) 










i en ee 


Vce —Collector to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 
vs, COLLECTOR CURRENT | 


———_7.__—_. J a 





-Im-2e = Sm-lOm-200- 60m =] 00m -200m- 500m =1 
lc —Collector Current—A 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


et 


30 as a 0 





Ta -2n Sm -10e-20e -§0e-(e-2000-500n -). -2 
|-—Collector Current —A 


4 . . a = ae ee ooo | 
= ee 


5 . 
SS ee ee 


Sa Pulsed 
tit 4 Hit 


= ph ob 
= ase 
=a ramest i on or oi siti 


l-=—Collector Current —mA 


Vee(sat)—Base Saturation Voltage —V 


fy —Gain Bandwidth Product — MHz 


NV KE t achat DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





Veep —Collector to Emitter Voltage -—V 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


eH — tt tte Ice = 10elg 
FEF Pulsed 













as ~ =z +} | 


anaes Sei iamm etiam alll 
ee aii ani an i 


=jm-2m  -Sm-lOm-Mem - Se -100m “20 Sel 2 = 5 
c—Collector Current—A 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 





10 20 


12 5 50 100200 500100C 


I; —Emitter Current — mA 


NEC ELECTRON DEVICE 





COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Cob — Collector to Base Capacitance — pF 


100 —- 






eee : | | 
-0.1-0.2 -05 -1 -2 -§ -10 -20 -50-100 


Vog—Collector to Base Yoltage —V 


2SB564 
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ELECTRON DEVICE 





DESCRIPTION 
audio frequency amplifiers. 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ....... 


Junction Temperature .,.... 


“of Ss 


Maximum Power Dissipation (Ta= 25 “C} 


Total Power Dissipation .........-...05- 
Thermal Resistance(Junction to Ambient). . 125 °C/W 
Maximum Voltages and Currents (Ta=25 C) 


Vepo Collector to Base Voltage 
Vceo Collector to Emitter Voltage 
Vero Emitter to Base Voltage 


le Collector Current 


lp Fase tel sn. oes hb owe ee bos 


ELECTRICAL CHARACTERISTICS (Ta= 25 °C) 
CHARACTERISTIC | 







SYMBOL 


NFEq DC Current Gain 


hee? DC Current Gain 

fT Gain Bandwidth Product 

Cob Collector to Base Capacitance 
IcBO Collector Cutoff Current 
lEBO Emitter Cutoff Current 

VBE Base to Emitter Voltage 

VCE (sat) Collector Saturation Voltage 


VBE (sat) Base Saturation Voltage 
Classification of hrEey 
| K 


| 200 ~ 400 


IFE1 Test Conditions: VeEe=-1.0 V, Ic=—0.1 A 


188 





MIN. 


PNP SILICON TRANSISTOR 


The 256605 is designed for use in driver and output stages of 


® High Total Power Dissipation and High Breakdown Voltage: 
1.0 W at 25 °C Ambient Temperature/Vce9 = —50 V 
“=> ‘@ Complementary to the NEC 2SD571 NPN Transistor. 


—55 to +150 C 
+150 “°C Maximum 


1.0 W 


. -60V 


._ 2 «© * @ 





TYP. 
90 200 
50 120 
120 
25 
-600 -630 
-0.16 
—0.90 


—50 V 


-100 
-100 
-700 
-0,35 
-1.2 






2SB605 


— — —_ fe em ee ere 





PACKAGE DIMENSIONS 


in millimeters (inches) 


70MAX ie 
KO 275 MAX ) (0.047) 


90 MAX 
0354 MAX } 


f 
4 


—i- 





zz 
== 
of 
Nt 
| “Ss 
eel 
5-01 
022) 
ae 
wi 
1. EMITTER = 
2. COLLECTOR ~ 
3. BASE 
























UNIT TEST CONDITIONS 
= VceE=-1.0 V, lc=—-0.1 A 
= Vce=-1.0 V, lc=—-0.5 A 
MHz VceE=-6.0 V, ip=—10 mA 
pF Vcep=-6.0 V, Ie=0, f=1.0 MHz 
nA Vop=-60 V, IE=0 
nA Vee =-5.0 V, Ic=0 
mV Vce=-6.0 V, lc=—-10 mA 
V Ic=-0.5 A, lp=—0.05 A 
V Ic =-0.5 A, Ip=—0.05 A 








NEC tcectron vevice | | 2SB605 





TYPICAL CHARACTERISTICS (Ta=25 “C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREAS COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE (TRANSIENT THERMAL RESISTANCE) | COLLECTOR TO EMITTER VOLTAGE 

























































10 ~ 50 
if 
t 2 < - 40 
r) r | 
ay = ‘ Ty 
2 © | 
3 : eer 
5 a a) 
: 5 é 
s 8 & «a 
Pa | ! 4 
' - = | 
0 50 100 «61500 200S—«250 l 2 10 -20 50 100 0 4 g i2, -16 -20 
Ta—Ambient Temperature Vex Collector to Emitter Voltage —V V,-~—Collector ta Emitter Voltage—¥ 
COLLECTOR CURRENT vs. COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE 
COLLECTOR TO EMITTER VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 
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= Sane! sit co = 5 i ett 
| | | i 
<= -0.8 22 Set eI @ TI 
; S Commcco E 
= = < 7 
= = ——= a - 
ie 5 I es 
Ss a 2 
@ 0.4 wn & 
S 5 : 
| Ff a 
+ 93 3 
_ = 
0 -04 ~-08 -12 -16 —2.0 z | > 
Vo, Collector to Emitter Voltage—V 7 ie ink 
_ | | = |; Collector Current: A | —Collector Current —A 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT vs. 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT EMITTER CURRENT 
| 1000 
oa 
= 500-- 
= Fr minal 
s : 
< a © 200/--—+—+++ 
E = ae ae 
| = memati = 
e a ee es os = 100) 
o a + = 
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| —Emitter Current—mA 





|, —Collector Current- A 





-04 -05 -06 -07 ~08 -09 —1¢ 
Vip “Base to Emitter Voltage —V 
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2SB605 NEC ttectron vevice 





COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


pF 


f= 1.0 MHz 
i. = 


eet ere 
Tt 4 Tit 


See ee 
t | : 
j 


ote tot wher 


} | Hit 
op ht 


+ bo opts tee 


eee at: 
: 1k 





C,,—Collector to Base Capacitance 


Gl=-02 -05 ~-1 2 =~§ -[6 -% — 50 — 1% 


Vepn—Collector to Base Voltage—V 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 








The 2SB731 is designed for use in driver and output stages of 
audio frequency amplifier, and low speed switching. 


® Suitable for general driving use, such as lamp, relay or motor. 
® Low Collector Saturation Voltage. 

® High hee and Excellent hee Linearity. 

® Complementary to the NEC 2SD809(1) NPN Transistor. 


ABSOLUTE MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 





| SYMBOL | 
heey * # 
hee ** 


Maximum Temperatures 


Storage Temperature ........2.00.- —55 to +150 °C 
Junction Temperature ...........+150°C Maximum 
Maximum Power Dissipations 
Total Power Dissipation (Tz = 25°C) ....... 1.0 W 
Total Power Dissipation (Te = 25°C) ....... 10 W 
Maximum Voltages and Currents (Tg = 25 °C) 
VcBo Collector to Base Voltage ....... —60 V 
VcEO Collector to Emitter Voltage. .... —50 V 
VEBO Emitter to Base Voltage... -....-6.0 V 
le(pc) Collector Current ............- —-10 A 
Ic(pulse) | Collector Current ............ —-20 A 
Ipipc) Baa UT GINE, oo a sera oa gore ees —-5.0 A 


* PW s10ms, Duty Cycle = 50 % 


CHARACTERISTIC 


DC Current Gain 
DC Current Gain 


fz Gain Bandwidth Product 


Cob Output Capacitance 


| 'cBo 

| lEBO 
VCE(sat) ** 

| VBE (sat) ** 


Base Saturation Voltage 


Collector Cutoff Current 
Emitter Cutoff Current 
Collector Saturation Voltage 


** Pulsed /PW=350 us, Duty Cycles 2% 


Classification of hee, 



















360 to 600 | 





| 200to 400 | 300 to 480 





Test Conditions: Vcg =—2.0 V, lq =—-0.1A 


PNP SILICON POWER TRANSISTOR 





2SB731 








, — os ke 
PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX | 
: ; : 2.8 MAX. 
(0.334 MAX.) (0.110 MAX.) 













| @3.2+0.2(¢ 0.126) eer ae 
pe _ 
pea ‘ itt | 
! | FS “3S 
| “i ; 
| S 
| dl 
e. lay 
(0.047) z= | 
S/= 0.5575:88 
o;™ (0.021) Ii 
HS Ole ( 1) jj 
WS “Is. 





. Emitter 
2. Collector connected 
tO mounting plane 


. Base 4 


TEST CONDITIONS 
Voce =—-2.0V, lc=—-0.1A 
Vee =—1.0V, le =-1.0A 
Vce = —-2.0 V, lc =—-10mA 
Ven =—10V, le =0,f=1.0MHz 
Vcp=—50V, le =0 
Veg =-6.0V, Ic =0 
lc =—-1.0 A, [lp =—50mA 
Ic =—1.0A, lp = —S0mA 
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2SB731 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Py—Total Power Dissipation—W 


o 50 100, 150 
T, —~Ambient Temperature—“C 


AREA 


ee 


=== © 


I¢—Collector Current—A 





“-1 —3 -10 ~-30 100 
Voce Collector to Emitter Voltage—V 


COLLECTOR AND BASE 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 










Seri meni a 
a eae tt a 
Heb onl ite 
AS Sct — 

at | 
tt pete Tait 


ae 
Ty ee 
oeiceraisetil ml 


~0.001 -0003 001 -003 - -0.3 ul 
Ic Collector Current--A 






—Collector Saturation Voltage—V 





tas ae —Base Saturation Voltage—V 


VCE(sat) 
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DERATING CURVE OF SAFE 
OPERATING AREA 


dT— Percentage of Rated Current—% 





Te -Case Temperature—‘C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


Pulse Test 


Collector Current — A 
° 
P.* 


a 
o 
Mh 


0 -10 -20 -30 —40° —50 
Vee—Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


—Gain Bandwidth Product —MHz 





f 


—0.001 —-0.01 -0.1 oat | 
Ic Collector Current~-A 





NEC ttectron vevice 





TRANSIENT THERMAL 
RESISTANCE 











10 rae 
= eee ttettt 
Te aati emit eat 


wall 


as Si amas a 
| IY HE 
Lt 


0.3 


Sete sti seman ea 
itis at imma 

aT a 
0.1 0.3 10 30 100 3001000 
PW-—Pulse Width—ms 


ARtp ~~ Thermal Resistance-~°C/ 






DC CURRENT GAIN AND BASE 
TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 


— - ~ 
$$ —s 
tT Lebtedd 






VBE ~ Base to Emitter Voltage—V 


0,001 0.003 —0.01 —003  -O1 -03  —1 
Ic —-Collector Current—A 


OUTPUT AND INPUT CAPACITANCE 
V5. oe RSE VOLTAGE 


IE =O( Cob) 
Ie=0(Ci)_ 


Cip— Input Capacitance — pF 
Cop ~ Output Capacitance—pF 





-1 =3 -10 -30 ~100 
Vep- Collector to Base Voltage—V 
Veg-Emitter to Base Voltage—V 





PNP SILICON TRANSISTOR 


2SB733 









ELECTRON DEVICE 





DESCRIPTION The 2SB/733 is designed for use in driver and output stages of — | 
audio frequency amplifiers. PACKAGE DIMENSIONS 

















, in millimeters (inches) 
- 7 QO MAX 12 
FEATURES ® High Total Power Dissipation Py : 1.0 W (Ta=25 °C) (WZ OMAR.) (0.047) 
@ High D.C, Current Gain hee : 300 TYP. (I¢=—100 mA) : a 
| ® Low Collector Saturation Voltage s2 
Vce(sat) 10.27 VTYP.(Ic=-1.0A] | 9. 8 *3| 
® Complementary to the NEC 2SD773 NPN Transistor. |). eee 
| 7 
| (0028) 25 
ABSOLUTE MAXIMUM RATINGS | SI | 
Maximum Temperatures | | % | 
Storage Temperature............ —55 to +150 °C | Sige 7 
Junction Temperature .......... 150°C Maximum | oe os a Bea << en 
Maximum Power Dissipation (Ta=25 °C) (ees) ‘= of 
Total Power Dissipation. . . . . en See eee 1.0 W 1. EMITTER “2 7 
Maximum Voltages and Current (Ta=25 C) . 7 
Vcso Collector to Base Voltage........ -20 V = ee eee ee 
VcEa Collector to Emitter Voltage. ..... -16 V 
VERO Emitter to Base Voltage......... -6.0 V 
lc Collector Current ...........5- -10A 


ELECTRICAL CHARACTERISTICS (Ta=25 ‘C) 


re 


| SYMBOL CHARACTERISTIC _ é MAX. TEST CONDITIONS 





heey DC Current Gain - Vce=-2.0 V, lc=-100 mA 
hFE? DC Current Gain Vce=-1.0 V, Ic=-1.0A 

fT Gain Bandwidth Product aC VceE=-2.0 V, le=10 mA 

Cob Output Capacitance Vcop=-10 V, le=0, f= 1.0 MHz 
IcBoO Collector Cutoff Current Vcp=~16 V, le =0 

lEBO Emitter Cutoff Current : | VepBp=-6.0 V, Ic =0 

VBE Base to Emitter Voltage VceE=-6.0 V, lc =-5.0 mA 
VCE (sat) Collector Saturation Voltage ; lc=-1.0 A, Ip=—-50 mA 

V BE Isat} Base Saturation Voltage Ic=—1.0 A, lp=—50 mA 





Classification of hee; 










| 
Rank |e _ a oe 2 ee 


| Range | 135-270 | 200 — 320 | 250 — 400 


A Oe 
300 -- 480 | 360 — 600 | 


Test Conditions : Vcg=—2.0 V, lc=—100 mA 
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2SB733 NEC crectron vevice 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


SAFE OPERATING AREAS 









TOTAL POWER DISSIPATION vs. (TRANSIENT THERMAL RESISTANCE COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE METHOD) . COLLECTOR TO EMITTER VOLTAGE 
‘“~1.0 
= 
I 
S <x ~-08 
= <= | 
3 D 5 
a S = -06 =} 
= = } =2.0 — 
FS Oo 3 
e 5 
= Fa = 
8 = a 
= S | 
| | & 
i" 2 
0 2 «6 «60)—Ctis75s«100's«128—s«80 ——— ee 0 =—04 —-08 -12 —-16 —20 
aaah fete ~t -2 -5 -10 -20 ~50 
a— Ambient Temperature — C 7 | ; a 
VCE —Collector to Emitter Voltage —V VceE —Collector to Emitter Voltage -—V 
COLLECTOR CURRENT vs. BASE AND COLLECTOR SATURATION 
COLLECTOR TO EMITTER VOLTAGE . stale tin vs. COLLECTOR CURRENT 
= = _————— 
| Te LLL 
o> — re Th 
— J Titi 
= = oo 
E > 8 
L ss 
rs yas 
[= . = 
= 58 
= a 
8 23 
1 Sa 
2 a oo 
= tm 
pe oes | 
LL 
Ooo 
Vee —Coilector to Emitter Voltage —V >> 





l¢ — Collector Current — A 










COLLECTOR CURRENT vs. DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT vs. 
BASE TO EMITTER VOLTAGE COLLECTOR CURRENT EMITTER CURRENT 
se SSS Se VcE=—2.0V] HEF Vop=—2.0V 
nasties 35 Pee een 500 F- He Seieees Sai es ; earit 
300 S$ bis it . + “ Tot $e 
200 ‘ . ~~ + bop pete 200 - ais + > +ty +44 ) 
naa | LTT any BU as LUT Li 
100 SS 100 Ci ett St Stee NS ft itt 
o—2-304-404 e+ ot ++ “Ste —t + tt + AHH 


- - - aan Guna 
+ 8 weer : ™ a 

50 —w - > - o> 04-4 ~~ ++ 4s 
* . = . - — _ 


/ iia 12 HHH HH Ht 
TT “ ‘i 


hee —DC Current Gain 
fy —Gain Bandwidth Product — MHz 


=x 
Ee 
| 
. a are TM ELTA TEI 
5 10 robe tL tL 
& 5 5 
2 
o i 
| 9 P 
= -10 ~ 100 — 1000 — 3000 1 2 5 10 20 50 100 200 50010002000 5000 


I¢ — Collector Current — mA. le — Emitter Current — mA 





—0.4 -05 -06 -0.7 -08 -09 


VBE — Base to Emitter Voltage —V 
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NE C evectron pevice 2SB733 





OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 




























Cob — Output Capacitance — pF 


—— 
j|t}_} a a Ht 
f LT perenceensea eet 
to |_| HHH | re a 





Vcp—Collector to Base Voltage —V 
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ELECTRON DEVICE 





PNP SILICON TRANSISTOR 





25B734 





DESCRIPTION The 2SB734 is designed for use in driver and output stages of 
audio frequency amplifiers. 
FEATURES ® High Total Power Dissipation Pr: 1.0 W (Ta=25 °C) 


“™. - @ High Voltage Vceo: —50 V MIN. 
® Complementary to the NEC 2SD774 NPN Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature..... ee re —55 to +150 °C 
Junction Temperature .......... 


Maximum Power Dissipation (Ta=25 °C] 


Total Power Dissipation. ...........0000: 1.0 W 
Maximum Voltages and Current (Ta=25 °C) 

Vespo Collector to Base Voltage ........ -60 V 

VcEO Collector to Emitter Voltage... .. 7-50 V 

VEBO Emitter to Base Voltage......... -6.0 V 

le Collector Current ............. -1.0 A 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 


heey DC Current Gain 

hFEa DC Current Gain 

fr Gain Bandwidth Product 
Cob 
ICBO 
lEBO 
VBE 
VCE (sat) 
VBE (sat) 


Output Capacitance 
Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voltage 


Base Saturation Voltage 


Classification of hfe: 


Test Conditions : VcE=—2.0 V, Ic=-100 mA 













| PACKAGE DIMENSIONS 


in millimeters (inches) 





7.0 MAX. 
* (0.275 MAX ) 






—_i 





| 9.0 MAX. 
L_(0.354 MAX.) 


| 
a 
















22 
== 
oF | 
ae 
= 
| 
4 
17 a) ae _ 
(0.067) "(0.067) 2 gas roi 
'ts (0.022) 
i —a—}+— T i= 
1 2 3 ji is” 
ne ‘oS 










1. EMITTER 
2. COLLECTOR 
3. BASE 







TEST CONDITIONS 


Vce=-2.0 V, lc=—-100 mA 
Vce=-1.0 V, lc=-1.0A 
VceE=-2.0 V, le=10mA 
Vcp=—10 V, le =0, f=1.0 MHz 
Vcp=—50 V, le=0 

Veg=-6.0 V, lc=0 
Vce=-6.0 V, Ic¢=-50 mA 

lc =-1.0 A, lp=—50 mA 

lc =-1.0 A, lp=—50 mA 





196 


NEC ELECTRON DEVICE 2 S B 7 3 4 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


SAFE OPERATING AREAS 






TOTAL POWER DISSIPATION vs. (TRANSIENT THERMAL RESISTANCE COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE METHOD) COLLECTOR TO EMITTER VOLTAGE 
L.2 am =r —— —1.0 i Se le 





1.0 





lc — Collector Current — A 


Py — Total Power Dissipation —W 
Ic — Collector Current — A 





0 2% 50 $75 100 125 150 —0.01 7 
-l —-2 -5 -10 =-20 —650 


VCE — Collector to Emitter Voltage —V 


0 -04 -08 -12 -16 -20 
VceE — Collector to Emitter Voltage —V 


Ta— Ambient Temperature — °C 











COLLECTOR CURRENT vs. BASE AND COLLECTOR SATURATION 
COLLECTOR TO EMITTER VOLTAGE VOLTAGE vs. COLLECTOR CURRENT 
7 === SSS ee Ic=20-p | 
7 ct Pulsed 
st 4 a 
= = oD =o | 
7 s& | 
ons o's ee 
5 ss SSS 
5 c § ri 
3 2% mie 
= ae —— = 
- - —O.5 ——— SS SS Se 
2 2 a rt 
4 — * —0.2-—+- 4—+} | tii} +. . * A Ee ————————— 1 
o Go | ; | § | ; | | | 
| oo BEN LT | 1 | 
2 _ ==233————— 
= + rt 1 
un Ww: _ | 1 | | | 
mw | } | a] ml 
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ft —Gain Bandwidth Product — MHz 


I¢ —Collector Current —mA 
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1 Lil HL ETE maa mai PU Hi 
I¢ —Collector Current — mA le — Emitter Current —mA 


-04 -05 -06 -0.7 -08 —09 


Veep — Base to Emitter Voltage —V 
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2SB734 


Cob — Output Capacitance — pF 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


100 


-0.1 -0.3 all | —3 ~10 —30-50 
VcpR—Collector to Base Voltage —V 
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ELECTRON DEVICE 





NPN SILICON POWER TRANSISTORS 


2SB744,2SB744A 


NEC 


ELECTRON DEVICE 













DESCRIPTION The 258744, 2SB744A are PNP general purpose transistors | 
designed for use in audio and radio frequency power amplifiers. PACKAGE DIMENSIONS 


in millimeters (inches) 






FEATURE © Complementary to the NEC 2SD794, 2SD794A. - (0.334 MAX) oeMRX 
GS 7 93.2=0:2(0 0.126) 
2 , S; a caetey U4 
ABSOLUTE MAXIMUM RATINGS YY ar 
Maximum Temperatures | - H Fl 
Storage Temperature ..........005 —55to +150 C ~“ ails 
Junction Temperature ........... 150 °C Maximum oh 
Maximum Power Dissipations 1.2 ot Pa |2 
Total Power Dissipation (Tg= 25°C) ......... 1.0W | (0.047) 2 ‘25 
Total Power Dissipation (Tp = 25°C) .......... 10 W iS oju 0.55 88 
Maximum Voltages and Currents (Tg = 25 sy “6 Oe) 
2SB744, 2SB744A ogre YW + 
VcsBo Collector to Base Voltage ... —70 -10 V jo, 031) | 
Vceo Collector to Emitter 53 
| VOMGHE + iansas renee —45 —60 V i (0. 06) (8 (0.090) 
VeBO Emitter to Base Voltage....—5.0 -—-5.0 A 
lc(pc) Collector Current (DC)..... -30 -3.0 A _ (ae) 
lC(pulse) Collector Current (pulse)... -5.0 -—5.0 A | 
| 1. Emitter 
| - gala connected to mounting plane 


ee 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 












SYMBOL CHARACTERISTIC MIN. TEST CONDITIONS 
heey DC Current Gain 30 120: Voce = —5.0 V, Ic = —20 maA* 











hEE? DC Current Gain 60 100 320 Voce =—5.0V, Ic = -0.5 A* 

fr Gain Bandwidth Product 45 MHz Vee =—-5.0V, lc =-0.1A 
ons Output Capacitance 60 pF Vcp =—10V, le = 0, f = 1.0 MHz 
lcBo Collector Cutoff Current —1.0 uA Veep = —45 V, ip =0 

lEBO Emitter Cutoff Current —1.0 MA Vep=—-3.0V,Ic=0 

VCE (sat) Collector Saturation Voltage —0.5 —2.0 V Ic =-1.5 A, lp=—O0.15A 






V'BE(sat) 
*Pulse Test PW = 350 us, Duty Cycle <2 % 





Base Saturation Voltage —0.8 —2.0 V lc =—-1.5A,lp=—-O.15A 






Classification of h FED 


Test Conditions : Veg = —5.0 V, lc =—-O.5A4 
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VBE(sat) Base Saturation Voltage—V 


2SB744,2SB744A 


TYPICAL CHARACTERISTICS (Tg = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 


v 
os 
Nh 


Note: 
1. Aluminum heat sink of 








Wy 


510 1.0 mm thickness. ~ 
= 2. With no insulator film. 

QO. 3. Within silicon compound. 
a 8 
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TRANSIENT THERMAL RESISTANCE 
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PW—Pulse Width —ms 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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1 3 10 30 100 300 1000 


DERATING CURVE OF SAFE 
JPERATING AREAS 


iy 
N 
o 





dT —Percentage of Rated Current—% 


50 100 150 
Te Case Temperature °C 


oO 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


—Collector Current 


Ic 


0 “10-20 -30  ~40 50 
Vee-Collector to Emitter Voltage —V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 





60 on ed an 


sel oe 


ff ~-Gain Bandwidth Product —MHz 


os oe om tt 
Pee 
6f— 
ot i 
att Liat ia 
-0.02 -006-01 03 06-1 


Ic ~Collector Current —A 


lc Collector Current —A 





NEC ELECTRON DEVICE 





SAFE OPERATING AREAS 





linearly with increase of 
001 temperature and Duty Cycle. 


=I -3 -6-10 -30 -60~-100 
Vce~Collector to Emitter Voltage —V 





DC CURRENT GAIN AND BASE TO 
EMITTER VOLTAGE vs. COLLECTOR 
CURRENT 


om 
ara 
i 
I 


300 
100 SSs:s:ae aie! 
60 Sot meseas! Seats Ht Sei 
a ha til Seti seit, 3 
a0 Con Seite : 


F == siti Bail : Hd _ 0.6 
— 0.3 


sii Pace | 





VBF~ Base to Emitter Voltage —V 





dy aan 0.01-003-01 -0.3 -1 -3 ~6 
lc —Collector Current—A 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Cob ~ Output Capacitance — pF 





~6 -10 30 ~60 -100 
Vcp—Collector to Base Voitage—V 


PNP SILICON POWER TRANSISTOR 


2SB772 





K 








ELECTRON DEVICE 








DESCRIPTION The 2SB772 is PNP silicon transistor suited for the output 


stage of 3 watts audio amplifier, voltage regulator, DC-DC con- PACKAGE DIMENSIONS 


in millimeters (inches) ; 
i 
| 


verter and relay driver. 
8.5 MAX. 
2.8 MAX. 
(0.334 MAX.) (0.110 MAX.) 


——_—_$—$_fs} 
p32 £0.2(6 0.126) 
| oo 


FEATURES. ® Low saturation voltage. 
: Vee (sat) 0.5 V (@ Ie = —2 A, lg = —0.2 A) 
® Excellent hee linearity and high hee. 
hee : 60 to 400 (@ Veg = —2 V, Ic = —1 A) 
@ Less cramping space required due to small and thin package | 
and reducing the trouble for attachment to a radiator. | 






ol 


(0.472 MAX.) 


| — 
Hl im 
TT12.0 MAX. 














No insulator bushing required. 12 _| xt > 
(0.047) Sq |zZz/= 
a ‘S|= 
al ols 
ABSOLUTE MAXIMUM RATINGS “1S 
Maximum Temperatures 0.84398 | a | 
Storage Temperature ............. —55 to +150 °C | (0,031) 17 | 
Junction Temperature ........... 150 °C Maximum | eer) 
Maximum Power Dissipations (0.030}) (0.090) 
Total Power Dissipation (Tz = 25°C) ..+...... 1.0W : 
Total Power Dissipation (Tp = 25°C) ..........10W 
Maximum Voltages and Currents (Ta = 25 °C) 
Vcso Collector to Base Voltage....... —40 V 1. Emitter 
Vceo Collector to Emitter Voltage..... —30 V_ | 3° Collector connected to mounting plane 
VERO Emitter to Base Voltage ........ —5.0 V | 
lc(oc) Collector Current (DC) ........ -3.0 A a 
IC(putse) Collector Current (pulse) ....... —-7.0 A 
*Pulse Test PWS 350 us, Duty Cycle = 2 % 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC . P. TEST CONDITIONS 


| heey DC Current Gain a aa Veg = —2.0 V, le =—-20mA** 

hee DC Current Gain Vege = —2.0 V, Ic = —1.0 A** 
Gain Bandwidth Product Vce =—-5.0V, Ic =—-0.1A 
Output Capacitance Vep=—10V, Ie = 0, f = 1.0 MHz 

IcBO Collector Cutoff Current Vep=-—30V, le =0 

lEBO Emitter Cutoff Current | Veg =—-3.0V,Ilc=0 

VCE(sat) Collector Saturation Voltage Ic = —2.0 A, Ip = —0.2 A** 

VBE(sat) Base Saturation Voltage le = —2.0 A, Ip = —0.2 A** 





**Pulse Test : PWS 350 us, Duty Cycle <2? % 


Classification of hee 


Trex [a [a] eq]. 


Test Conditions : Veg =—2.0V, Ic =—-1.0A 
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VBE(sat) ~ Base Saturation Voltage—V 


ee, = Conactor Saturation Voltage—V 


I¢ ~Collector Current—A 


2SB772 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 


1. Aluminum heat sink of 
£10 1.0 mm thickness. 

2. With no isolator film. 

3. Within silicon compound. 





Py+—Total Power Dissipation —W 


0 50 100 150 
—Ambient Temperature—°C 


SAFE OPERATING AREAS 
~ 10FIc (pulse) MAX- (Buty Cycle=50 25) =a mnees 













linearly with increase of 
temperature and Duty Cycle. 


= -3 -6-10 —30 -—60-10 
Vce—Collector to Emitter Voltage—V 
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BASE AND COLLECTOR SATURATION 
ee vs. COLLECTOR CURRENT 
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I¢ Collector Current—A 


_— 
f D es) ] 
oO ° r=} =} 


dT -Percentage of Rated Current % 
_ ) 
° 





DERATING CURVES FOR ALL TYPES 





oe on Ce 


50 100 150 
T. Case Temperature—"C 


oS 


COLLECTOR CURRENT vs. . 
COLLECTOR TO EMITTER VOLTAGE 


Pulse Test 


0 -4 -8 —12 —I6 ae 
Vce~ Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


VceE=—5.0 V 


———aemeaese 
as Forced air 
300 one rae + cooling 
: TT (with heat sink) 


— Pp 





1 | Ltt iit 
-0.01 -0.03 —O.1 —-0.3 =1 
I¢ ~Collector Current —A 


Cip — Input Capacitance —pF 


NV E Cc ELECTRON DEVICE 





THERMAL RESISTANCE vs. 
PULSE WIDTH 
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DC CURRENT GAIN, BASE TO EMITTER 
sal dca vs. pa et alse CURRENT 
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INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


: f=1.0 MHz 
IE =0(Cob) 





Cob Output Capacitance — pF 





Vcp—Collector to Base Voltage--V 
Vep—Emitter to Base Voltage—V 


NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SB794, 2SB795 are darlington transistors built-in dumper 
diodes at C-E. 
They are~suitable for use operating from IC without predriver, 
such as hammer driver. 

FEATURES @ High DC Current Gain. 


®@ Low Collector Saturation Voltage. 
@ Built-in a dumper diode at C-E. 


® Complementary to the NEC 2SD985, 2SD986 NPN Transis- 


tors. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ............. —55 to +150 °C 

Junction Temperature ........... +150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Tz = 25°C) ......... 1.0 W 

Total Power Dissipation (Tp = 25 °C) ..... ; 10 W 


Maximum Voltages and Currents (Tg = 25 C) 


25B794 2SB795 


VcBo Collector to Base Voltage.... 69 
VcEO Collector to Emitter Voltage.. —60 
VeRO Emitter to Base Voltage..... —8.0 
le(pc) Collector Current.......... ¥1.5 
Ic(pube) Collector Current.......... $3.0 


*PW =10 ms, Duty Cycle= 50 % 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 













‘SYMBOL CHARACTERISTIC “MIN. TYP. MAX. 
hFe4 DC Current Gain _ 1000 BS 
| HEE? DC Current Gain 2000 30000 
| ton Turn On Time 0.5 
tstg Storage Time 1.0 
| te Fall Time 1.0 
IcBO Collector Cutoff Current —1.0 
leERO Emitter Cutoff Current —1.0 
VCE (sat) Collector Saturation Voltage —15 
V BE (sat) Base Saturation Voltage —2.0 





Classification of hee, | 
a 
2000 to 5000/4000 to 10000|8000 to 30000 


Test Conditions: Veg = —2.0V, Ic =—-1.0A 






UNIT 





Ls 
Ls 
Ls 
HA 
mA 
V 
V 





PNP SILICON DARLINGTON POWER TRANSISTORS 


2SB794,2SB795 









PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 


2.6 MAX. 







12.0 MAX. 
(0.512 MAX.) (0.472 MAX 


“730 MAX 


(0.031) 
(0. 


. Emitter 






. Base 





TEST CONDITIONS 
VcE=-2.0V,I¢=-05A 
VceE =—-2.0V, Ile =-1.0A 
{Ic = -1.0 A, Ry =502 
‘igi =—!Ig2=—1.0mA, Vec = —50 V 
\See Test Circuit. 
Vcr = —60/—80 V, Ip = 0 
Veg = —5.0V, ic =0 
Ic =—1.0A, lp =—1.0mA 
Ic = —-1.0A, lp=—-1.0mA 











. Collector connected 
to mounting plane 
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25B794,2SB795 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
0 AMBIENT TEMPERATURE 


P7—Total Power Dissipation—W 
I¢ Collector Current—A 











Ta~—Ambient Temperature—°C 
3 TRANSIENT THERMAL 
: RESISTANCE 
ii Ee 
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ri aa 
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a z 
ai a 
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‘a s) 
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S o 
T 
i) 
= PW-—Pulse Width~ms 
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5 
oO 
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a | 
o o 
: s 
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3 at 
a wn 
5 5 
> 1000 % 
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= Oo 
| 
= 
100k . wal . 
—0.01 —0.1 ~1.0 10 < 
Ic Collector Current—A la 


2.5 


020 —40 —60 ~80—100- 


—Base Saturation Voltage—V 


VBE(sat) 
oS 


SAFE salle Alas A AREA 





Vce—Collector to Emitter Voltage—V 


REVERSE BIAS SAFE OPERATING 


AREA 





Vee Collector to Emitter Voltage—V 


BASE AND COLLECTOR 


120-140 


SATURATION VOLTAGE vs. 


shcaetineets doer ies hao 


2900 SSS 


—10 
Ic Collector Current—A 





NE Cc ELECTRON DEVICE 





DERATING CURVE OF SAFE 
OPERATING AREA 





dl—Forward Bias SOA Derating—% 


100 
T.—Case Temperature—‘C 


150 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


—Collector Current—A 


Ic 





-30 —-40 —5.0 


| —2.0 
Voe—Collector to Emitter Voltage—V 


NEC trectron vevice 2SB794,2SB795 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 








VIN 
ee a oe COLLECTOR 
PW CURRENT ‘Ic 
WAVE 1 | 
PW=50 us = 


Duty Cycles2 % 
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PNP SILICON TRANSISTOR 


2SB810 


ELECTRON DEVICE 





DESCRIPTION The 2SB810 is designed for use in output stage of portable radio 


and cassette type tape recorder, general purpose applications. PACKAGE DIMENSIONS 


in millimeters (inches) 


j ice] i 47 MAX. 2.2 MAX, 
FEATURES ® High total power dissipation. |. 0.165 MAX.) (0.086 MA%,) 
Py; =350 mW | eo ye? 


“~ © High hee and low Vce_ (set). 
hee(Ic=-100 mA) =: 200 TYP. 
Vee (saty(—700 mA) : —0.25 V TYP. 
®@ Complementary to the NEC 2SD1020 NPN transistor. 


oe 
— 
a 
Tes 
ms 





ABSOLUTE MAXIMUM RATINGS Z 

Maximum Temperatures 2 
Storage Temperature ............000- —55 to +150 °C S 
Junction Temperature ..........- -... +150 °C Maximum 

Maximum Power Dissipation (Ta = 25 ~C) 
Total Power Dissipation....... ee ee eee 350 mW 

Maximum Voltages and Currents (Ta = 25 °C) ee eat raga 
Vcpo Collector to Base Voltage......... .-- 30 V / a 
Vceo Collector to Emitter Voltage........0.. —25 V S 
Vego Emitter to Base Voltage............. —8.0 V 7 ae 
lc Collector Current 4 ces: 6 as ace wad ears —~700 mA 2. COLLECTOA 
Ip Base Current, .665 46 isc0cuvene ss ace —190MA redness 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 


SYMBOL CHARACTERISTIC : i TEST CONDITIONS 


DC Current Gain Vce=—1.0 V, lc=—100 mA 

DC Current Gain | Vce=—1.0 V, lc=—700 mA 
Cob Collector to Base Capacitance Vcp=—6.0 V, le=0, f=1.0 MHz 
fT Gain Bandwidth Product Vcee=—6.0 V, [E=—-10 mA 
VBE* Base to Emitter Voltage Vce=—6.0 V, Ilc=—10 mA 
VCElsat)* Collector Saturation Voltage Ic=—700 mA, |lp=—70 mA 
VBE(sat)* Base Saturation Voltage Ic=—700 mA, Ip=—70 mA 
ICBO Collector Cutoff Current Vcp=—30 V, le=0 





lERO Emitter Cutoff Current Vep=—5.0 V, Ic=0 


* Pylsed PW = 350 us, duty cycle = 2.0 % 


Classification of heey 















pF | 
200 — 320 250 — 400 









110 — 180 


135 — 220 






170 — 270 


hfe, Test Conditions : Vcg =—1.0 V, Ic =—100 mA 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


VeBE(sat) Base Saturation Voltage —V 
Vee(sat) Collector Saturation Voltage —V 


EMITTER TO BASE AND COLLECTOR TO BASE 
CAPACITANCE vs. 


Ci, —Emitter to Base Capacitance —pF 


Ww 


Py— Total Power Dissipation ~ 





Cob Collector to Base Capacitance —pF 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


In free air 





10 125 
Ta—Ambient Temperature — C 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


EEE 


=10 ~- 10 - 100) 
le- Collector Current—mA, 


— 1000 


REVERSE VOLTAGE 
100 — 





Veg Emitter to Base Voltage =i 
Vep—Collector to Base Voltage —V 


l¢ —Collector Current —mA 


hee —DC Current Gain 


MHz 


fT° Gain Bandwidth Product 


COLLECTOR CURRENT vs, 


COLLECTOR TO EMITTER VOLTAGE 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


a tt ea 1 —4 
amas 


i 


——— 
dadatiaeald 


Ic Collector Current 


mA, 





GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


l--Emitter Current 


—maA 





[c—Collector Current —mA 


Vee Collector to Emitter Voltage —V 








2SB810 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


“05 -06 -07 -08 -09 -1.0 
Vee —Base to Emitter Voltage-\ 


COLLECTOR TO EMITTER VOLTAGE 
vs. BASE CURRENT 


Pulsed 


-01-02 baat =2 
-Base Current—mA 


-5 -10-20 -50-100 
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PNP SILICON TRANSISTOR 


2SB811 





ELECTRON DEVICE 








SS 


PACKAGE DIMENSIONS 


in millimeters (inches) 









DESCRIPTION The 2SB811 is designed for use in driver and output stages of audio 
frequency amplifiers. 


ey 


| T ; jcc] ion: 4.2 MAX. 2.2 MAX. 
FEATURES @ High Total Power Dissipation: aes ice a 
. ———EE | | 






1.0 W at 25 °C Ambient Temperature. 
se ® Complementary to the NEC 2SD10?1 Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............2e0000- —55 to +150 °C 


: 
Junction Temperature ....... eaten es +150 °C Maximum = 

Maximum Power Dissipation (Ta=25 “C) o 
Total Power Dissipation .............-.-02200008 350 mW 


Thermal Resistance (Junction to Ambient) ....... 429 °C/W 
Maximum Voltages and Currents (Ta = 25 °C) 







Vego Collector to Base Voltage ............... —30 V 
Veceo Collector to Emitter Voltage............. -25 V 7 
Vero Emitter to Base Voltage............ 7... -6.0 V. é 
le Collector Current .........00. eaenehen =a e1. EMITTER 
2. COLLECTOR 
Ip Babe CUGeNE dacs Cate cl as pean eee tes —0.1 A 3. BASE 
ELECTRICAL CHARACTERISTICS (Ta = 25 C) 
SYMBOL CHARACTERISTIC MIN. TYP, MAX, UNIT TEST CONDITIONS 
a DC Current Gain 110 200 400 - VcE=-1.0 V, I¢=—0.1 A 
hres? DC Current Gain 50 100 — Vce=—1.0 V, Ic=-1.0A 
fr Gain Bandwidth Product 110 MHz Vce=—6.0 V, le=-10 mA 
Cob Collector to Base Capacitance 36 pF Vep=—6.0 V, Ile=0, f=1.0 MHz 
ICBO Collector Cutoff Current —100 nA Vcp=—30 V, le=0 
lIEBO Emitter Cutoff Current —100 nA VeRe=—5.0 V, Ic=0 
VBE Base to Emitter Voltage —600 —640 —700 mV VcE=-6.0 V,I¢=-10 mA 
VCE(sat] Collector Saturation Voltage —0.25 —0.35 V lc=—1.0 A, lp=—O.1 A 
VBE(sat] Base Saturation Voltage —1.0 —1.2 V Ic=—1.0 A, lp=—O.1 A 


Classification of heey 





Rank M J H 2 E 


170—270 | 200 — 320 250 — 400 


Ranae 110 —180 135 — 220 


| 
| 


hee, Test Conditions: Vee=—1.0 V, Ilc=—0.1 A 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
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EMITTER CURRENT Var —Base to Emitter Voltage—V 


ft —Gain Bandwidth Product —- MHz 
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lp - Emitter Current —-mA 





2SB811 





COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


-Collector Saturation Voltage —V 





VCE(sat) 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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ELECTRON DEVICE 


DESCRIPTION The 2SB984 is designed for use in driver and output stages 


of audio frequency amplifiers. 


FEATURES @ High total power dissipation and high break-down 
voltage : Py = 1.0 W (Ta= 25 °C), Veeg =-80 V 
® Complementary: to the NEC 2SC1312 NPN transistor. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ........... 


Junction Temperature ........ 


Maximum Power Dissipation (T,= 


Total Power Dissipation. ............05. 
Maximum Voltages and Currents (Ta = 25 ~C) 

VcsBo Collector to Base Voltage 

VcEO - Collector to Emitter Voltage 

VeBo Emitter to Base Voltage 

le (pc) OC Collector Current 

Ic (pulse) AC Collector Current 


ELECTRICAL CHARACTERISTICS (T,=25 “Ch 
SYMBOL CHARACTERISTIC 
DC Current Gain 
DC Current Gain 
Gain Bandwidth Product 
Output Capacitance 
IcBO Collector Cutoff Current 
lEBO Emitter Cutoff Current 
VBE* Base to Emitter Voltage 
VCE(sat)* Collector Saturation Voltage 
VBE(sat)* Base Saturation Voltage 


* Pulsed PW3300 us, duty cycles2 % 


Classified of heey 





Test Conditions: Vcge = —1.0 v, Ic =-—200 mA 
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—55 to +150 °C 
+150 °C Maximum 


* # &# © @ & F&F & 8 









PNP SILICON TRANSISTOR 


2SB984 





PACKAGE DIMENSIONS 


in millimeters (inches) 


7.0 MAX 
* (0.275 MAX.) 


he 


= 


9.0 MAX. 
_ (0.354 MAX) | 


a 


(0.118 MAX.) 


Pes 
= 
* 
= 
ry 


12.0 MIN. 
(0.473 MIN.) 


(0.024) 


| 
— 


1. | 17 
(0.067) aL — (0.067) 


Ste 


4.0 MAX 
(0.157 MAX.) 





(0.059)| 


1. EMITTER 
2. COLLECTOR 
3. BASE 





TEST CONDITIONS 
Voce =-1.0 V, Ic = -200 mA 
Vce =-1.0 V, lc =—500 mA 
Vce =-6.0 V, le = 200 mA 
Vcp =—10 V, le = 0, f=1.0 MHz 
Veg =—100 V, le =0 
Ven =—-5.0V,Ic=0 
Vce =-6.0 V, Ic =-10mA 
Ic =—1.0 A, lp =—100 mA 
Ic =—-1.0 A, lp =—-100 mA 





I¢—Collector Current—A 


NEC crectron nevice 2SB984 





TYPICAL CHARACTERISTICS (T,=25 °C) 


SAFE OPERATING AREAS 














TOTAL POWER DISSIPATION vs. (TRANSIENT THERMAL | COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE Hest ARS Eevee COLLECTOR TO EMITTER VOLTAGE 
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COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
COLLECTOR 1 TO EMITTER VOLTAGE BASE TO ais VAT AGS COLLECTOR SURBENT 
2-10 - = — 27000 VcE=—6.0 | ] = HEHE Ta : 
—0.8+-— « ahs = 200 Seer ae ee 
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2 S 50 —-ett =H 
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3 o 20-—-otin 
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| ii : | 
—0.2 2 : a 
-1 -2 -§ -10-20 -50- 100 200 -500- i000- 2000- 5000 
| ) i l¢—Collector Current—mA 
(  =04 =<06 =e 216 30 -0.4 -0.5-0.6 —0.7 -08 —0.9 -1.0 -11 
VoeE—Collector to Emitter Voltage—V VpE—Base to Emitter Voltage—V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 


COLLECTOR CURRENT 


| He Hot =n i 
500 a str Pulsed 
—— 


VOLTAGE vs. COLLECTOR CURRENT 













race soi 
Ta = 75 *C—-——--+ 


Ta=75 “CL 


hFeE—DC. Current Gain 





1 th | HE 
-1 -2 -5 =10 mei “i “te —500-1000- 7000 “5000 
I¢—Collector Current—mA I¢—Collector Current—mA 


VBE(sat)—Base Saturation Voltage—V 
VCE(sat)—-Collector Saturation Voltage—V 
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2SB984 


ft—Gain Bandwidth Product—MHz 
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GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


H VcE=—6.0 V 


> 5 10 20 50 100 200 500 1000 2000 5000 


le —Emitter Current—mA 


Cob—Output Capacitance—pF 


OUTPUT CAPACITANCE vs. 
CORLeSt On: bs TE Marion 
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Frit oth | 
200! TTT pt ise 
mull till 
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ini 8 sh 
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Vca—Collector to Base Voltage—V 





NE Cc oe DEVICE 








E 


ELECTRON DEVICE 





PNP SILICON DARLINGTON POWER TRANSISTOR 





2SB1061 





DESCRIPTION 


FEATURES 


_ 
—*s 


The 2SB1061 is PNP silicon epitaxial darlington transistor designed 


for pulse motor driver and relay driver application. 


®@ Operates from IC without Predriver. 


® Low Collector Saturation Voltage. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature .........0...000. 


Junction Temperature ............. 


Maximum Power Dissipation (T, = 25 °C) 


Total Power Dissipation ........ ee due nee. = 
Maximum Voltage and Currents (Tz = 25 °C) | 
VcBo Collector to Base Voltage ......... 


VcEO Collector to Emitter Voltage 


VEBO Emitter to Base Voltage ......7... 


lc(pc) Collector Current (DC) 


* 


IC(pulse) Collector Current (pulse)" ........ 


Is(ipc) Base Current(DC) ..........6.. 


* PW = 300 us, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL 


CHARACTERISTIC | 


eS 


hEFi DC Current Gain** 
hFe2 DC Current Gain** 
VCE (sat) Collector Saturation Voltage** 
VBE (sat) Base Saturation Voltage* * 
ICBO Collector Cutoff Current 
lEBO Emitter Cutoff Current 

| fy Gain Bandwidth Product 


Cob Output Capacitance 
**Pulse Test: PW = 350 us, Duty Cycle = 2 %/Pulsed | 


—55 to +150°C | fost? “T] 
50 °C Maximum 0.8+ easel 


— 


1.. Base (B) 1(B) ) 
—300 V 2. Collector (C) 
_an 3. Emitter (E) | 
300 V 4. Fin (Collector) R 
70 V JEDEC: TO-220AB 





PACKAGE DIMENSIONS 


| in millimeters (inches) 














+. 10.7 MAX. 

‘ AX.) 4.9 MAX. 

Ox [0.421 MAX 2 3640.2 (0.193 MAX.) 

oS (¢ 0.142) 

* a |-H-1.340.2 
zx (0.051) 
===) 

|=s 
© oD 
: oy 

4 y Awe 
os 
Moz 
= SS /05+0.2_] 

PO yg (0.02) 
om oo 
oy 
as 2.8 
(0.031) ee 
254 2.54 
(0.1) (0.1) 
W Lett 


2(C) 


R550 ko 3(E) 





TEST CONDITIONS 
Vce=—15 V, lc=—20 mA 
Vce=—15 V, lc =—100 mA 
lc =—100 mA, Ip =—0.2 mA 
Ic =—100 mA, lp =—0.2 mA 
Vcp =—300 V, le =0 
Vee =—60 V, Ic =0 
VceE =-1.5 V, lc=—20 mA 
Veg =—-10V, le =0,f=1.0 MHz 








2SB1061 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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Vce Collector to Emitter Voltage—V 


TRANSIENT THERMAL RESISTANCE 
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PW—Pulse Width—-ms 


Cob Collector to Base Capacitance — pF 


dT- Percentage of Rated Current - 





NV E Cc ELECTRON DEVICE 





DERATING CURVE OF SAFE 
OPERATING AREA FORWARD BIAS SAFE OPERATING AREA 





0 50 100 150 -1 —5 -10 -50—100 -500— 1000 
Te Case Temperature— °C Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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VCE(sat)—-Collector Saturation Voltage—V 
VBE(sat)~ Base Saturation Voltage —V 


COLLECTOR TO BASE CAPACITANCE 
vs. COLLECTOR TO anes VOLTAGE 
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Vcp—Collector to Base Voltage--V 
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PNP SILICON TRANSISTOR 


2SB1068 





ELECTRON DEVICE 








DESCRIPTION The 2SB1068 is designed for use in driver and output stages of 


audio frequency amplifiers. PACKAGE DIMENSIONS 


in millimeters (inches} 





FEATURES © Low Collector Saturation Voltage 
Vce(sat) : ~0.25 V TYP. (Ic =—1.0 A, Ig =-10 mA) : (0200 MAX) 
_ @ High DC Current Gain 4 
. hee : 350 TYP. (Voce =—2.0 V, Ic =—-100 mA) 


@ High Total Power Dissipation Py : 0.75 W (T,=25 °C) 
® Complementary to The NEC 2SD1513 NPN Transistor 


7.4 
<5 
= 

ling: on 
un 
2 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


12.7 MIN 
(0.5 MIN.) 


Storage Temperature ............. —55 to +150 °C 
Junction Temperature .......... +150 °C Maximum 
Maximum Power Dissipation (T; = 25 °C) 
Total Power Dissipation ....... wee 0.75 W i, 
Maximum Voltages and Currents (Tg = 25 °C) < = 
VcBo Collector to Base Voltage ......... —20V 2. ¢ 
Vceo Collector to Emitter Voltage.......—16V a 
VeBO Emitter to Base Voltage ......7.. —6.0V 
} 1, EMITTER EIAJ :SC-43B 
Icipc) Collector Current ........e00005 —2.0A 2.COLLECTOR JEDEC : To-92 
\c(putse)” Collector Current ............. —3.0A eee IEC: PA33 





*PW =10 ms, Duty Cycle =50 % 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC MIN. | TTF. | MAX. UNIT TEST CONDITIONS 
hFe DC Current Gain 135 350 650 - Vce = —2.0 V, lc =—100 mA 
hFea DC Current Gain 100 _ Vce =-2.0V,Ic =—-1.5A 
tt Gain Bandwidth Product 100 180: MHz Vee =—10V,leE=50mA 
Cob Output Capacitance 60 pF Vcp =—10V, le = 0, f = 1.0 MHz 
| IcBa Collector Cutoff Current —100 nA Vcp=-—i6V,le=0 
lEsa Emitter Cutoff Current 100 nA Veg =—-6.0V,!Ic=0 
| VBE Base to Emitter Voltage —550 —600 —650 mV Vce = —6.0 V, Ic = —5.0mA 
| VCEfsat)1 Collector Saturation Voltage —0.25 —040 Vv Ic =—-1.0A,lp=-10mA 
| VeE(sat}2 Collector Saturation Voltage ~0.31 ~0.50 V Ic =-1.5A, lg =—75mA 
VCElsat)3 Collector Saturation Voltage —0.33 —0.50 V Ic = —1.5A, lp = —20mA 
VBE (sat) Base Saturation Voltage —1.05 =—1.2 V Ic =—-1.5 A, lp=-75 mA 





Classification of hee 


| E | | —400 | 300 —650 


Test Conditions : Vce = —2.0V, lc =—100mA 
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VCE(sat)~— Collector Saturation Voltage—V 


VBE(sat) ~Base Saturation Voltage—V 


2SB1068 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Py—Total Power Dissipation Ww 


0 25 50 75 100 125 150 
T,~Ambient Temperature—‘C 


COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE 


I¢—Collector Current—A 





O --0.2—0.4—06 —0.8 —1.0-1.2—14—-16—18-20 
Vce— Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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SAFE OPERATING AREAS (TRANSIENT 
THERMAL RESISTANCE METHOD) 
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Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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hee—DC Current Gain 
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I¢—Collector Current—A 





GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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ELECTRON DEVICE 






DESCRIPTION The 2SB1093 is a darlington transistor including a dumper diode | 


at C-E. 
It is suitable for general driving use, such as hammer, solenoid, 
lamp or motor. 


® High DC current gain. 

® High current capability, wide ASO and low collector saturation 
voltage. 

® Includes a dumper diode at C-E. 

® A complementary pair with NEC’s 2SD1579, 


FEATU RES 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature .............4. —55 to +150 °C 

Junction Temperature ............ 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 “C) 

Total Power Dissipation ............ . 1.0 W 
Maximum Voltages and Currents (Tg = 25 “C) 

Vcego Collector to Base Voltage.......-... —80 V 

Veeo Collector to Emitter Voltage......... —80 V 

Vepo Emitter to Base Voltage ............ —5.0 V 

lc Collector Current (DC)............. 71.5 A 

Ic Collector Current (Pulse)*........... #3.0 A 

lp Base Current (OC). 6.08 eed ea we wes —0.15A 


*PW = 300 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS (T, = 25 C) 














TYP, MAX, 


| SYMBOL CHARACTERISTIC MIN. UNIT 
| heey DC Current Gain | ~ 1000 a “ 
hre? DC Current Gain 2000 30000 = 
ton Turn-On Time 0.5 us 
tstg Storage Time 1.0 Ms 
tf Fall Time 1.0 is 
ICBO Collector Cutoff Current —10 LA 
ICER Collector Cutoff Current —1.0 mA 
ICEx14 Collector Cutoff Current —10 uA 
IcEx2 Collector Cutoff Current —1.0 mA 
lEBO Emitter Cutoff Current eet mA 
VCElsat) Collector Saturation Voltage —15 V 
VBE(sat) Base Saturation Voltage =. V 
80 MHz 


fr Gain Bandwidth Product 





Classification of hreg 
Prk [om [| 
4000 — 10000 


Test Conditions: Voce = —2.0 V, lc =—-1.0A 








PNP SILICON DARLINGTON TRANSISTOR 


Vee =-—10V,le=1.0A 









2SB1093 








PACKAGE DIMENSIONS 


in millimeters (inches) 












7.0 MAX. 1.2 
(0.275 MAX.) = (0.047) 
eee ee 
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At | | 
“eS 
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1. Emitter (E) 
2. Collector (C) 
3. Base (B) 


Ro=500 © | 


TEST CONDITIONS 
Vee = —-2.0V, lc =-0.5A 
Vce =-2.0 V, IC =-1.0A 

Ic =-1.0A,R, =502 

lp1 = —lpa=—1.0 mA, Vcc = —50 V 

See Test Circuit 
Vcp=—80 V, Ip =0 
Vce = —80 V, Ree = 51 2, Tz = 125°C 
Voce = —80 V, VBE (oft) = —1.5 V 
Vce=—80V, VBE(off) = ~1-5V, Ta = 125°C 
Vep=—5.0V, Ic=0 


lc = —1.0A, lg = —1.0 mA 





2SB1093 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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NEC ELECTRON DEVICE | 
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DESCRIPTION The 2SB1094 is PNP general purpose transistor designed for © 
FEATURES @ Easy mount by eliminating Insulation Sheet and Bushing. 


ABSOLUTE MAXIMUM RATINGS® 


iD) 


ELECTRON DEVICE 





PNP SILICON POWER TRANSISTOR 


2SB1094 








use in audio frequency power amplifier. PACKAGE DIMENSIONS 
in millimeters (inches) . 


a 


® Complementary to the 2SD1585. 


Maximum Temperatures 


Storage Temperature............ —55to+150°C 

Junction Temperature .......... 150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Tz =25°C).... 2.0 W 

Total Power Dissipation (Tp =25°C).... 15 W 
Maximum Voltages and Currents (Ta = 25 “C) 

Vcso Collector to Base Voltage. .... —60 V 

VcEO Collector to Emitter Voltage... —60 V 

VeBo Emitter to Base Voltage......—-7.00 A 

Icipc) Collector Current (DC) ...... —-3.0 A 

Icipulse) Collector Current (Pulse)* ....—5.0 A 


*PW = 10ms, Duty Cycle S 50 % 


| @ Collector 
3 Emitter 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 










SYMBOL 


hee1** DC Current Gain 20 Voce =—5.0V,Ic= —5O0 mA 
hee** DC Current Gain 40 200 Vce = —5.0V,lc=—-O5A 

fT Gain Bandwidth Product 20 MHz Voce = —-5.0V,Ic=—0.1A 

Cob Output Capacitance 70 pF Vcp = —10 V, Ie = 0, f= 1.0 MHz 
icBa Collector Cutoff Current —10 iA, Vep = —60 V, Ile = 0 

lena Emitter Cutoff Current —10 uA Vep=—7.0V,Ilc=90 

VCE(sat)** Collector Saturation Voltage —1.5 V lc =-2.0A, lp =—O2A 


VBE (sat) ** 












CHARACTERISTIC MIN. TEST CONDITIONS 


Se 





Base Saturation Voltage lc = —2.0 A, Ip=—O.2A 


**Pulsed: PW < 350 us, Duty Cycle < 2 % 


Classification of hres 


100 to 200 > 





Test Conditions: Vcg = —5.0 V, Ic=—0.5A 





2SB1094 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs 
AMBIENT TEMPERATURE 


PT -—Total Power Dissipation—W 





dT — Percentage of Rated Current -— % 


Eee 
50 6©7506=«6100 125 
Tgz—Ambient Temperature —°C 
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Rth(j-c)~ Transient Thermal Resistance— % 


PW—Pulse Width—s 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
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lc —Collector Current—A 








DERATING CURVE OF SAFE 
OPERATING AREA 





—Case Temperature— ‘C 


COLLECTOR CURRENT vs. 


as COLLECTOR TO EMITTER VOLTAGE 


Ip=—10 ma 
A 


VCE- panes to Emitter jaws V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


jm 
ro |! 
im | 


ic —Collector Current—A 


hee ~DC Current Gain Ic Collector Current—A 


Cob— Output Capacitance — pF 





200 








NEC tnectron oevice 





FORWARD BIAS SAFE OPERATING 


—— 
Ht acess Sing 
Sassi: nu 
| nae 


Vee -—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


— a oe oe me 0 
pp te hk tt ++ 7 Ht i 
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Ic eee Rte — A 


OUTPUT CAPACITANCE vs, 


COLLECTOR TO BASE VOLTAGE 
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Sle=0 
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Vcp—Collector to Base Voltage—V 
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ELECTRON DEVICE 


DESCRIPTION 






use in audio frequency power ampli*ier. 


ve 


FEATURES 


® Complementary to: the 2SD 1586. 


ABSOLUTE MAXIMUM RATINGS’ 


Maximum Temp 


Storage Temperature............ 
Junction Temperature .......... 


eratures 


Maximum Power Dissipations 
Total Power Dissipation (Tz = 25°C) ... 
Total Power Dissipation (T, = 25 FEN, on 
Maximum Voltages and Currents (Ta = 25 C) 


VcBo 
VcEO 
VEBO 
Ic(oc) 
!C(pulse) 


Collector to Base Voltage ..... : 


Collector to Emitter Voltage. . 
Emitter to Base Voltage..... ‘ 
Collector Current (DC) ...... 
Collector Current (Pulse)* . .”.. 
*PW =10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL 


DC Current Gain 
DC Current Gain 


hFeq = 
hFe2** 


CHARACTERISTIC 


ae a eee ee 


tT Gain Bandwidth Product 


ICBO 
lEBO 
VCE (sat) 
V BE (sat) 


Emitter Cutoff Current 
Collector Saturation Vo 


Base Saturation Voltage 


**Pulsed: PW < 350 us, Duty Cycle < 


Classification of hee? 









Range 40 to 80 60to 120 | 100to 200 | 


| K 


Collector Cutoff Current 


ltage 


2% 


Test Conditions: Voce = —5.0 V,Ic=—0.5A 


2.0 
20 


The 25B1095 is a PNP general purpose transistor designed for . 


@ Easy mount by eliminating Insulation Sheet and Bushing. 


—55 to +150 °C 
150 °C Maximum 


=z= 


PrPeaes 


PNP SILICON POWER TRANSISTOR 


2SB1095 


PACKAGE DIMENSIONS 


in millimeters (inches) 


10.5 MAX 


1 47 MAX 
(0413 MAX.) 


(0185) 


f*0.2 


. 3.2+02 
i fo2ret) | “oz6) | 


13.5 MIN 


~oszoiy (28. 
(o.020)]] | 


? Collector 
3) Emitter 





TEST CONDITIONS 


Vce = —5.0 V, Ic = —50 mA 


Vce = 5.0 V, Ic = -0.5A 
Voce = 5.0 V, Ic=-O.1A 
Veg = -100 V, Ie =0 
Vep= —7.0V, Ic=0 
lce=-3.0A,lp=—0.3A 
Ic=-3.0A, Ig =—O.3A 
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2SB1095 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


PT ~ Total Power Dissipation —W 





Ta—Ambient Temperature — °C 


Lois lsict acid THERMAL RESISTANCE 





OLLI Le 1 ee ait mani 1 
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dT —- Percentage of Rated Current - 


A 


lc Collector Current 


DERATING CURVE OF SAFE 
OPERATING AREA 


Te ~ Case Temperature — °C 


COLLECTOR CURRENT vs. 


VCE —. 





oe TO EMITTER VOLTAGE 
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Collector to Emitter Voltage—V 


NE ELECTRON DEVICE 





FORWARD BIAS SAFE OPERATING 
AREA 


I¢-- Collector Current— A 
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cu RRENT 


th maeecis 
tt 


Si Seas 
RE mEe EBB AL 
oth 


hee ~ DC Current Gain 





-0.001  -—0.01 -10 
Ic icllecior Swat a 


NEC / _ pnp siLicon POWER TRANSISTOR — 
ELECTRON DEVICE 2 S B 1 096 











DESCRIPTION The 2SB1096 is PNP general purpose transistor designed for 
use in audio frequency power amplifier. PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES ® Easy mount by eliminating Sheet and Bushing. 
® Complementary to the 2501587. 


ABSOLUTE MAXIMUM RATINGS= 


Maximum ‘Temperatures 


Storage Temperature.......... _, —55 to +150°C 

Junction Temperature .......... _ 150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Tg= 25°C) .... 2.0 W 

Total Power Dissipation (Tp-=25 °C) .... 25 W 
Maximum Voltages and Currents (Tg = 25 “C) 

VcsBo Collector to Base Voltage..... —200 V 

VcEO Collector to Emitter Voltage...-—150 V 

VeBO Emitter to Base Voltage...... —5.0 V 

Icioc) Collector Current (DC)* ..... —2.0 A 

Ic(pulse) Collector Current (Pulse) ....-—-3.0 A 


* PW = 10 ms, Duty Cycle = 50 % 


@ Collector 
Emitter 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL N. 1AX. TEST CONDITIONS 
| DC Current Gain 4 Vce = —10V, Ic = —O4A Oo 
Gain Bandwidth Product Vce= —-i10V, Ic = -0.4A 
Collector Cutoff Current : Vcp = —150 V, le =0 
Emitter Cutoff Current : Veg = —4.0V,Ic=0 





Collector Saturation Voltage Ic = —500 mA, Ip = —5O mA 





** Pulsed: PW = 350 us, Duty Cycle S 2 % 


Classification of heg 


p Rank | Mf ok | Kk 
10 wa 10016 206 


Test Conditions: Voge = —10 V, I¢= —0.4A 
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2SB1096 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


Pt—Total Power Dissipation—W 


hee —DC Current Gain 
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TOTAL POWER DISSIPATION vs, 
AMBIENT TEMPERATURE 





50 100 150 
Ta- Ambient Temperature — °C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


=H Vce=10 V 


‘anal Ht PH ie 


ie | 
SS csiy areal meals, esti 
ee! earn 
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—5—10—50—100 —500-— 1000 
I¢—Collector Current—mA 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


| 
a 
2) 


ed 
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| 
oO 
oO 


o 
b 





I¢ —Collector Current—A 
| 
=) 
I 


Vce—Collector to Emitter Voltage—V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 


Ssasstss:: ioe Ht 
Saatiiime asi ae 





iC ~ Collector Current—mA 


VCE(sat)~ Collector Saturation Voltage—V 


NE C ELECTRON DEVICE | 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


lc —Collector Current— mA 





—120 -—160 200 
Vce—Collector to Emitter Voltage—V 


FORWARD BIAS SAFE 
OPERATING AREA 


Ic — Collector Current—A 





Collector to Emitter Voltage—V 


VCE- 





PNP SILICON DARLINGTON POWER TRANSISTOR 


2SB1098 





f 


ELECTRON DEVICE 








DESCRIPTION The 2SB1098 is PNP silicon epitaxial darlington transistor designed 
for pulse motor driver, printer driver, solenoid driver, 







PACKAGE DIMENSIONS 


in millimeters (inches) 





4.7 MAX. 


10.5 MAX. 
(0.413 MAX.) (0.185) 









FEATURES @ Easy mount by eliminating Insulation Sheet and Bushing. 
® Collector to Emitter Reverse Diode is built-in. 
@ Low Collector Saturation Voltage. 
@ Complementary to 25D1589. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ...........000- —55 to +150 °C 
Junction Temperature ............. 150 °C Maximum 


Maximum Power Dissipation (Tg = 25 °C) 






0.8+0.1 ! 
(0.031) 






Total Power Dissipation .............0 0000s 20 W 
Maximum Voltages and Currents (T= 25 C) 

Vcgo ‘Collector to Base Voltage -..--+.... —100 V 

VcEO Collector to Emitter Voltage .. . icten S10: ¥ ® Collector 

VEBO Emitter to Base Voltage ........... —-7.0 V = Sins er 

lc(ipc) Collector Current (DC) ........... 75.0 A “ 

Ic(pulse) Collector Current (pulse)” ......... 710 A e 

Ip(ipc) Base Current (DC) .............. —0.5 A eau se Ry Ro 
* PW = 300 us, Duty Cycle = 10 % 





ELECTRICAL CHARACTERISTICS (T,=25 C) 









TEST CONDITIONS 














SYMBOL CHARACTERISTIC 

heey DC Current Gain** 2000 20000 Vce=-2.0 V, Ic =—2.0A 

hee? DC Current Gain** 500 _ VceE=—-2.0V, 1c =—4.0A 

ton Turn-on Time 0.5 us ee eo ee eee 
tstg Storage Time 1.0 us ( C tee: ot B2 es 
tf Fall Time 1.0 us Le ene ike 

VCE (sat) Collector Saturation Voltage** —1.5 V I¢=—2.0 A, |lp=—2.0mA 

VBE (sat) Base Saturation Voltage** —2.0 V Ic =—-2.0 A, |p=—2.0 mA 

IcBo Collector Cutoff Current —1.0 uA Vege =—100 V, lp =0 





«*Py < 350 us, Duty Cycle < 2% 


Classification of heey 


a 
2000 to 5000 | 4000 to 10000 | 8000 to 20000 | 


Test Conditions: Vcg =—2.0 V, lc =—-2.0A 
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2SB1098 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


P7T— Total Power Dissipation—W 


—Transient Thermal Resistance— °C/W 


oe 


‘Base Saturation Voltage—V 
Collector Saturation Voltage—V 


VBE (sat) 
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—100 


VCE (sat) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 
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BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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NEG trectron vevice 





DERATING CURVE OF SAFE 
OPERATING AREA 
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dT Percentage of Rated Current - 





—Case Temperature—°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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NEC ttectron vevice | 2SB1098 


SWITCHING TIME (ton, te¢g, t) TEST CIRCUIT 


RL=25 Q 


Vipin hoes 
nie ; iB1 | tlc | 
ae . U. = 


iVcec=—50 V 





PW=50 ws 
Duty Cycles2 % 


Vee=5 V 
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ELECTRON DEVICE 






DESCRIPTION The 2SB1099 is PNP silicon epitaxial darlington transistor designed 
for pulse motor driver, printer driver, solenoid driver. 
FEATURES @ Easy mount by eliminating Insulation Sheet and Bushing. 


® Collector to Emitter Reverse Diode is built-in. 
® Low Collector Saturation Voltage. 
® Complementary to 2SD1590. 


ABSOLUTE MAXIMUM RATINGS 

Maximum Temperatures 
Re re ree —55 to +150 °C 
. 150 °C Maximum 


Storage Temperature 
Junction Temperature . . 


Maximum Power Dissipation (Te= 25 °C) 


Total Power Dissipation ...........0.58 80005 25 W 
Maximum Voltages and Currents (Ts = 25 °C) 
Veso Collector to Base Voltage ..........—100 V 
VcEO Collector to Emitter Voltage........ —100 V 
VEBO Emitter to Base Voltage ........... —7.0 V 
lc(pc) Collector Current (DC) ........ —8.0,+5.0A 
lc(pulse) Collector Current (pulse)” ....... —12, +8.0A 
Ip(oc) Base Current({DC) ...........05- —0.8 A 


* PW = 300 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS (Ta =25 °C) 


SYMBOL CHARACTERISTIC 


a eee 


DC Current Gain** 
DC Current Gain** 
Turn-on Time 


NFEq 
NFE2 
‘on 
tstg Storage Time 

te Fall Time 

VCE (sat) Collector Saturation Voltage* * 
VBE (sat) Base Saturation Valtage** 
lcBo Collector Cutoff Current 


**PW =350 us, Duty Cycle = 2% 


Classification of heey 
cree [M7 t | * 
| Range 2000 to 5000 3000 to 7000 5000 to 15000 


Test Conditions: Vog =—2.0 V,Ilc=—3.0A 
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PNP SILICON DARLINGTON POWER TRANSISTOR 


2SB1099 


















PACKAGE DIMENSIONS 
in millimeters (inches) 


10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 











| 
0.8+0.1 
(0.031) 
| 
| 





2 Collector 
@ Emitter 








R,=3.0 ka 
Ra=300 9 Ry Re 


Le ita ae eee 


TEST CONDITIONS 


VceE=—2.0V,IC=—-3.04 
Vce=—2.0V,Iic=—5.04 


ae A,lp1,=—lIpoa=—3.0mA 
RL =16.7 2, Vec+—50 V 


lc =—3.0A,lp=-—3.0mA 
lc =—-3.0A,Ilp=—-3.0 mA 
Veg =—100 V, l-e =0 








NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 
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dT Percentage of Rated Current - 
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2SB1099 NEG tcectron pevice 





SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


RL >= 16.7 Q 





PW=50 ws 
Duty Cycle =2 % 
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- PNP SILICON DARLINGTON POWER TRANSISTOR 


23SB1100 





EF 





ELECTRON DEVICE 





DESCRIPTION The 2SB1100 is PNP silicon epitaxial darlington transistor designed. 












for pulse motor driver, printer driver, solenoid driver. | PACKAGE DIMENSIONS 
in millimeters (inches) 
10.5 MAX. 4.7 MAX. 
| (0.413 MAA.) (0.185) 
FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. | ‘ae eed 


7+0.2 
{0.276)] | 


(0.118) 







® High DC Current Gain. 
@ Low Collector Saturation Voltage. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............... —55 to +150 °C 
Junction Temperature ............. 150°C Maximum 


13.5 MIN. 


Maximum Power Dissipation (To = 25 °C) 


Total Power Dissipation... 1... 2... cee ee es 30 W i 
Maximum Voltages and Currents (Tz = 25 "C} | 

Veso Collector to Base Voltage ........... —100 V 

VcEO Collector to Emitter Voltage ...=..... —100 V 

VeBo Emitter to Base Voltage ............ —8.0V 7 cag 

lc(ipc) Collector Current (DC) ......20..... FIO A 

IC(ptuse) Collector Current (pulse)” ........... #20 A 

Is(pc) Base Current(DC) ............ ... =10A 


*PW = 300 us, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL CHARACTERISTIC TYP. MAX. TEST CONDITIONS 


hee DC Current Gain** VeeE=—-2.0V, lc=—10A 

ton Turn-on Time : , 
tstg Storage Time : ( 
tf Fall Time 

VCE (sat) Collector Saturation Voltage** lc=—10A,lg=—25 mA 
VBE (sat) Base Saturation Voltage** ; | Ic=—10A, 1g =—25 mA 
IcBo Collector Cutoff Current Vep=—100 V, Ip =0 


**PW s 350 us, Duty Cycle 32 % 


ic=—10 A, lpi =—!p2=—25 mA 
R_=5.0 2, Vec=—50 V 





Classification of hre 


Tre [ _ es 


Range 2000 to 5000 | 4000 ta 10000 | 8000 to 30000 | 


Test Conditions: Vce=-2.0V,Ic=—10A 
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Collector Saturation Voltage—V 
Base Saturation Voltage—-V 


VCE(sat)~ 


2SB1100 = NEC ttectron oevice 





TYPICAL CHARACTERISTICS (Tz =25 °C) 


TOTAL POWER DISSIPATION FORWARD BIAS SAFE OPERATING DERATING CURVE OF SAFE 
vs. CASE TEMPERATURE | OPERATING AREA 
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NEC ELECTRON DEVICE IS B1 1 00 , 


SWITCHING TIME TEST CIRCUIT 





PW 





PW=+50 ws VeB<5.0 V 
Duty Cycles2 % 
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NEC 


ELECTRON DEVICE 


PNP SILICON TRANSISTORS 


_2SB1116, 2SB1116A 











DESCRIPTION The 2SB1116/2SB1116A are designed for use in driver and output | 

stages of AF amplifier, general purpose application. PACKAGE DIMENSIONS 

~ in millimeters 
5.2 MAX. 
FEATURES ® Low Collector Saturation Voltage. 
. VceE\(sat) = —0.20 V TYP. (Ic = —1.0 A, Ip = —50 mA) 
® High Break Down Voltage. 
Vceo = —50 V/-—60 V (2SB1116/2SB1116A) 
@ High Total Power Dissipation. : Py = 0.75 W(T, = 25 °C) 
® Complementary to the NEC 2SD1616/2SD1616A NPN Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 








Storage Temperature......... ee eS ee ee eee —55 to +150 °C 
Junction Temperature ......... 000 u ee wwe ewes 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) . x 
Total Power Dissipation ....... Pk ae eke oh melee tae de tees rin 0.75 W = 
Maximum Voltages and Currents (T, = 25 C) 2SB1116/2SB1116A 5 
Vepo Collector to Base Voltage ............. —60 V/—80 V - : 
Veeo Collector to Emitter Voltage........... —50 V/—60 V 1.Emitter ElAJ :SC-436 
: 2.Collector JEDEC : TO-92 
Vepo Emitter to Base Voltage.............. —6.0 V 3. Base IEC : PASS 
Ic Collector Current (DC) ............. , —1.0A 
Ic Collector Current (pulse)” ..........-. —2.0A 


*PW =10ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 2SB1116/2SB1116A 
‘SYMBOL CHARACTERISTIC MIN. TYP. ; oe TEST CONDITIONS 





hee i** DC Current Gain 135 | Vege = —2.0 V, lc =—100mA 
heeo** DC Current Gain $1 Vee = —-2.0V, lc =—1.0A 

fr Gain Bandwidth Product 70 | Vce = -2.0 V, Ilo = —100mA 
Cob Output Capacitance 5 Vep=—10V, le =0, f = 1.0 MHz 
IcBO Collector Cutoff Current | Vep = —60 V/—80 V, Ip = 0 
lEBO Emitter Cutoff Current | Ven =—6.0V, Ic =0 


Vee"? Base to Emitter Voltage Vee = -2.0 V, lc = —50 mA 

VCEl(sat)** Collector Saturation Voltage lc = —1.0 A, lp = —50 mA 

VBE(sat)** Base Saturation Voltage ‘ Ic =-—1.0 A, lp =—5OmA 

ton Turn-On Time 3 ‘*coe= —10V, Ir = —100 mA\ 

tstg storage Time | lIp1 = —lpoa=—10mMA ) 
i: Fall Time \VBE(off) = 2t03 V 


**Pulsed PW < 350 us, Duty Cycle < 2 % 


Classification of hee; 


U 





| Range 13510270 | 200to400 | 300to600 | 


Test Conditions: Vcg = —2.0V, lc =—100mA 
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NV. f 2 Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Py7—Total Power Dissipation--W 


0 25 50 75 100 
T,—Ambient Temperature —°C 


125 150 


COLLECTOR CURRENT v 


COLLECTOR TO EMITTER VOLTAGE 


I¢ —Collector Current—A 





0 -02 -04 -06 —08 —10 
Voe—Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


1000 SS 





Saati HH = a a 
200 HHH Ht 


Look CC 


a ee ee = eens: 
Pitty y= mt tH 


=— aso aaesst ah me ee eee vied ee oe 


sop 
waul At opt Bail) 
20 MBiiill 


ere 


f¢—Gain Bandwidth Product —MHz 


0.06 -0.1-02 -05~1 -2 
Ic Collector Current—A 


hee—DC Current Gain 


SAFE OPERATING AREAS 


(TRANSIENT THERMAL RESISTANCE 


METHOD] 


Ic —Collector Current—A 





“-5 —10-20 —50—100 
Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


50 SS S522 SSI SSS See 
Es 











een ered meat 








—0.01-0.02 -0.05-0.1-0.2 -O5~-1 -2 —5 -10 


I¢—Collector Current—A 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Fea] ip=0 
—+-+ H+ E ' 
a on f=10 MHz | 


Cob —Output Capacitance—pF 


-I -2  -5 -10 -20 


—50— 100 
Vcp Collector to Base Voltage—V 


VBE(sat)~ Base Saturation Voltage-V 





2SB1116,2SB1116A 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


I¢—Collector Current—mA 





VceE—Collector to Emitter Voltage—V 
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COLLECTOR AND BASE SATURA- 
TION VOLTAGE vs. COLLECTOR 
CURRENT 
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I¢~Collector Current-A 


SWITCHING TIME vs. COLLECTOR 
CURRENT 
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co Duty Cycle <2 0 
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I¢ —Collector Current —A 
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E 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 






The 2SB1117 is a Low V cE (sat) 
current capability and wide ASO. 


transistor which has a large 


It is suitable for driver of solenoid or motor, or electronic 


flash. 


® Low Collector Saturation Voltage. 
VceE(sat} = —0.2 V TYP. (@ lc/lg = —2.0 A/—0.2 A) 
® Large Current. 
Ic(oc) = -3.0A, Ic (pulse) = —5.0 A 
@ High DC Current Gain. : 
hee = 300 TYP. (@ Vce = —2.0 V- Ie = —1.0 A) 
®@ High Total Power Dissipation. >: Py = 1.0 W 
® Complementary to the NEC 25D1617 NPN Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature 
Junction Temperature 


—55 to +1 


._ © © © © © © © 8 © 8 8 & © MM BP Bw HR fe 


Maximum Power Dissipation (T, = 25 °C) 


Total Power Dissipation 
Maximum Voltages and Currents (T, = 25 “C) 


VcBo 
Vceo 
Veso 
Ic 
Ic 


. * * *_ .*. * * ae * * * “ . a 


Collector to Basi Voltage viask cs 5 0) h 6 6 ices Sem wie 
Collector to Emitter Voltage 
Emitter to Base Voltage 
Collector Current (DC) 

Collector Current (pulse) * 


> os * & * @ 8 8 > os » «© © #8 # 8 » » «@ 


*PW Ss 10ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (Ty = 25 °C) 


sY¥M BOL 








CHARACTERISTIC MIN TYP. 
hee1** DC Current Gain 435 . 300 - 600 — 
hee** DC Current Gain 81 
fr Gain Bandwidth Product 100 280 
Cob Output Capacitance 90 
ICBO Collector Cutoff Current —100 
lego Emitter Cutoff Current — 100 
Vee** Base to Emitter Voltage —600 —660 — 700 
VCE(sat)1** Collector Saturation Voltage —O.2 —0.3 
VCE(sat)2** Collector Saturation Voltage —0.3 —0.5 
VBE(sat)** Base Saturation Voltage —1.0 —1.2 
ton Turn On Time 80 
tstg Storage Time 500 
tf Fall Time 70 


**Pulsed PW < 350 us, Duty Cycle < 2% 


Classification of hee; 


Rank L 
Range 


| 135 to270 





* 


200 t0400 | 300t0600 





Test Conditions: Vcg = —2.0 V, Ic =—-1.0A 
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50°C 


150 °C Maximum 


NS 


ns 








PNP SILICON TRANSISTOR 


2SB1117 








PACKAGE DIMENSIONS 


in millimeters 


1. Emitter 
2. Collector 
3. Base 


TEST CONDITIONS 





ee  ———— 


Vce =-2.0V, ic =—1.0A 


Vee = -2.0V, Ile =-2.0A 
Vce =—5.0V, le =1.0A 


Veg = —10V, le = 0, f = 1.0 MHz 


Veep = —30 V, le =0 

Veg = -6.0V, lc =0 

Vee =-2.0V, lc =—-0.1A 
lc = -2.0 A, lp = —O0.2 A 
Ic =-30A, ip=—OS A 
Ie =-2.0A, lp =-O0.2A 


(VCE* -10V, Ic = —500 mA\ 


elt —Ipo =—-50mA 
\ 
\V BE (off) = 2to3 V 


/ 
f 








12.0 MIN. 


+ 
oO 
-_ 











NEC ttectron pevice 2SB1117 





TYPICAL CHARACTERISTICS (Tz; = 25 °C) 


SAFE OPERATING AREAS 
TOTAL POWER DISSIPATION vs. (TRANSIENT THERMAL RESISTANCE COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE METHOD) COLLECTOR TO EMITTER VOLTAGE 
—500 








Ico ~ Collector Current—A 


P+—Tota!l Power Dissipation—W 
l¢—Collector Current—A 





Tg —Ambient Temperature —‘C 





| | G0 -2 ta” 26 OE =10 
-1 -2 -5 -10 -20 -50 
Voe—Collector to Emitter Voltage—V 


Vce— Collector to Emitter Voltage—V_ 













































. BASE TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT chinensis CURRENT 
5.0 < 1000 a + Saesen Vce=~20 V_ \ce=—20 v et i +-+4 
7 500 4 ee See 8 4+ tp etes x —5 it tt 5 a | j I : 
C5 ‘ ae + +— + -_ BE 
FS = ro — 3} | ee See 4 
= 40 200} + + +4 ates | 
~ = 100 | | E —1 ——}|_| |_| $= = 
5 o Ht SS SiH: —- O -05+-++++ + FF I 
5 Q i oe ocst . st i] 
3B ~30 ra 50 : rat Co Cece 
< - 3 92 Ott 
ro LL 20}+—-—_++} ++ = = ee eee | 
—0.1};-—>+—+;—->—- + fF} ———— 
8 20 = ok EU PT LU) 6 OS Se eS 
ra) 001-0.02 -0.05-0.1-02 -05-1 -2 -§ -10 |,- 005; eee 
oO = ——— . ? + 7 ' ~ —+ —_+4+— 
oe = ~0.02}— ——+—1 |_| 
Ours Ic Collector Current—A aa tT rt 
| -0.4 —05 -0.6 -0.7 -08 -0.9 -10-L1 
| . | = VpeE—Base to Emitter Voltage—V 
0 —-04 -08 -12 —-16 —-2.0 
Voge —Collector to Emitter Voltage—V 
BASE AND COLLECTOR SATURA- 
= TION VOLTAGE vs. COLLECTOR ns GAIN BANDWIOTH PRODUCT vs. APuceae CoS vs. 
i CURRENT i EMITTER CURRENT on OLTAGE 
a | 000 , 000 SSS 10 we 
aa 3 8 soo — a oto 
& mn = c - + + ~4 + 4 op 
ie: 3 § 
a SS 7 , 
S & a 3 200 
is] 2 = 
5 5 3 5 100 
oS ES - 50 
ee E 2 
2 2 fe) 5 20 
Bs o a | \ | i weal |] | 
° a © 0.01 0.02 0050102 05 1 2 #5 10 2 —0.1-02 -05-1 -2 -5-10—20 —50-100 
=> eal, = le — Emitter Current—A VeRn—Collector to Base Voltage —V 
5 3 : 
ul i ane aa : i 
Om =i i mie 
> > —0.01-0.02-0.05—-0.1-0.2 -05 -1 -2 —5—1o 


I¢—Collector Current—A 
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E 


ELECTRON DEVICE 






DESCRIPTION The 2SB1149 is a darlington transistor built-in dumper diode 
at E-C. 
It is suitable for use to operate from IC without predfiver, such 
as hammer driver. 
FEATURES ® High DC Current Gain. 
- Low Collector Saturation Voltage. 
® Built-in a dumper diode at E-C. 
®@ High Power Dissipation: Py = 1.3 W (at Ta = 25 °C) 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature......---..++. —55 to +150 °C 
Junction Temperature ........... 150 “C Maximum 
Maximum Power Dissipations 
Total Power Dissipation (Tz =25°C) ...... 1.3 W 


Total Power Dissipation (T;=25°C) ...... 15 W 
Maximum Voltages and Currents (Ta = 25 °C) 

Vcso __— Collector to Base Voltage .......—100 V 

VecEeo Collector to Emitter Voltage... .. —100 V 

VeRO Emitter to Base Voltage ........ —8.0 V 

lcioc) Collector Current ............ #3.0 A 

Icipulse)* Collector Current ............ 75.0 A 


* PW = 10 ms, Duty Cycle < 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


| SYMBOL CHARACTERISTIC 
hee1** DC Current Gain 

| heea** DC Current Gain 
ton Turn On Time 
tstg storage Time 
t¢ Fall Time 
IcBO Collector Cutoff Current 

| leEBo Emitter Cutoff Current 
VCE(sat)"" Collector Saturation Voltage 


| VBE(sat)** Base Saturation Voltage 
** Pulsed / PW = 350 us, Duty Cycle =< 2% 


Classification of hee, 








Se — 


2000 to 5000 | 3000 to 7000 


Test Conditions: Veg = —2.0 V, IC =—1.5A 
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PNP SILICON DARLINGTON TRANSISTOR 












2SB1149 





PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 28 MAX. 






12.0 MAX. 
(0.472 MAX 


AX. 


13.0 | 
(0.512 MAX.) 


Pwlos “oe 
(0.031) 33"23 
(0.090) (0.090) 





2(C) 
| 3(B) 
re 1. Emitter 
RI at 2. Collector connected 
to mounting plane 
R1+8.3 ko 3. Base 


Ra=0.6 kQ 


TEST CONDITIONS 


Voce =—27.0 V, Ic =—15A 


Voce =—-2.0 V, le =-3.0A 
lc =—-1.5A, Rp = 272 
leq = —Ipa =—1.5mA, Vcc =—40V 
See Test Circuit. 

Veg =—100 V,le=0 

Veg =—-5.0V, Ic =0 

lc =—1.5A, lp =—1.6mA 

lc =—-1.5A,lgp=—-1.5mA 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 


TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 


—W 


Py7—Total Power Dissipation 





T,—Ambient Temperature—°C 


TRANSIENT THERMAL 
RESISTANCE 


See Se di cenit Sees 
at Pr | | PT TT 
"ill 


alli 

- a 
SSSaeeF  SSSeaiii. 
if Sah meaait meeat Hitt 


|| 
| 
a 





100200 m 500m | 2 51020 50 100200 500 1000 
PW-—Pulse Width—s 


Rth(j-c)~ Transient Thermal Resistance —°C/W 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
seniracenaa Lede CURRENT 


— 100 ee 











we ee po 
tet 






| 
_ e 
sine Se 





~Collector Saturation Voltage—V 


VBE(sat) Base Saturation Voltage—V 





Ic — Collector Current—A 


°C) 


DERATING CURVE OF SAFE 
OPERATING AREA 


dT—Forward Bias SOA Derating— % 


T. —Case Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


-10 2.0 a0 £0 
Vop—Collector to Emitter hae 








2SB1149 





FORWARD BIAS SAFE 
OPERATING AREA 


Vce—Coliector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


100000 === HVGE= a0 VI 


Seeaii in Be Pulsed 
= Hueeset oo 
TCH Tn 


10000-— Uk 


hee DC Current Gain 





i 
I¢ — Collector Current—A 


SWITCHING TIME (tg, tstgy ts) TEST CIRCUIT 


$8 oul aii@matiiian blll 
2 -0.01 -0.1 —10 ~10 PW=:50 ps 


I¢—Collector Current—A 


Duty Cycles2 % 
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PNP SILICON DARLINGTON TRANSISTOR 


2SB1150 






K 


ELECTRON DEVICE 








DESCRIPTION The 2SB1150 is a darlington transistor built-in a zener diode at ; 
PACKAGE DIMENSIONS 
B-C and a dumper diode at E-C. in millimeters (inches) 
It is suitable for use to operate from IC without predriver, such as (On5a4 MAX.) 
hammer driver. @ 3.2$0.2(¢ 0.126) 
FEATURES @ High DC Current Gain. So 
-="@ Built-in a Zener Diode at B-C and a Dumper Diode at E-C. ac ! 
® Low Collector Saturation Voltage. 
® High Power Dissipation: Py = 1.3 W (at Ta = 25 °C) 






(0.472 MAX.) 









ABSOLUTE MAXIMUM RATINGS | a2 L ls 
| | (0.047) ><|5 | 
Maximum Temperatures S|= 0.5575:88 
Storage T —55 to +150 °C | ofx 08 
storage lemperature.........220:: ic to 11.0 ko | or 2 
Junction Temperature ..............4150 °C Maximum | 0.81399 = 





(0.031) 


Maximum Power Dissipations 
Total Power Dissipation (Tg = 25°C) ..... 13 W 
Total Power Dissipation (Tg = 25°C) ..... 15 W Lp rien NOC 
Maximum Voltages and Currents (T, = 25 °C) | ($$$) ee TEA ET Paras 


1.2 
(0.047) 


2.32.3 
(0.090) (0.090) 1. Emitter 


3. Base 


Vcrso Collector to Base Voltage ...... 

VcEO Collector to Emitter Voltage . 

VEBO Emitter to Base Voltage ....... 

le(pc) Collector Current ........04- 

IC(pulse)* Collector Current ........... 
* PW = 10ms, Duty Cycle = 50% 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 








SYMBOL TYP. MAX. UNIT TEST CONDITIONS 





CHARACTERISTIC 


















heei** DC Current Gain 2000 15000 — = Vcg=—-2.0V, IG=—-1.5A 
heeo** DC Current Gain 1000 = Vee =—-2.0V, Ile=-3.0A 
VcRO Collector to Base Voltage —50 —60 —70 V Ic =—1.0mA, Ie =0 
VcEO Collector to Emitter Voltage —50 —60 ~70 V Ic = -—10 mA, Ree =o 

| ton Turn On Time 0.5 us: 

| Ic =1.5A, RL = 272 
tstg otorage Time 2.0 us 

| lpi =—lpo=1.5mA, Vcc =40 V 
tf Fall Time 1.0 Ms 
IcBoO Collector Cutoff Current —10 uA Vecp = —40 V, [pe =0 
lEBO Emitter Cutoff Current ~1.0. mA Veg =—5.0 V, Ir =0 

| VCE(sat)** Collector Saturation Voltage -09 =—12 VW lc = —1.5A, lp =—1.5mA 
VBE(sat)"~ Base Saturation Voltage =1.5 —2.0 Vv Ic =—1.5A, lp=-—1.5mA 


- Pulsed / PW = 350 us, Duty Susie 2% 
Classification of hee, : 
[fone [ «7 *~~*d 
[—Ranee | 20000 5900 | 30000 7000_| 6000 to 18000_ 










Test Conditions: Veg = --2.0V, Ic =—-1.5A 
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NEC trectron vevice | | 2SB1150 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. DERATING CURVE OF SAFE FORWARD BIAS SAFE 
AMBIENT TEMPERATURE OPERATING AREA ; OPERATING AREA 


=Ic4 pulse) ) x a = =o= i —— a 
‘ a a ee. — +} Seen 
eles ~ 


Ic(DC) | IO 


-% 


dT—Forward Bias SOA Derating- 
Ic Collector Current—A 


Py—Total Power Dissipation—W 





50 200 


‘ Voe—Collector to Emitter Voltage—V 
Taz —Ambient Temperature—"C Tg~Case Temperature — °C GE | Be 
= COLLECTOR CURRENT vs. 
oO TRANSIENT THERMAL COLLECTOR TO EMITTER DC CURRENT GAIN vs. 


RESISTANCE VOLTAGE COLLECTOR CURRENT 


—— ein ce ~ ~2.0 V 
Tl 


a eaati ot Pulsed 
ae 


ae 



















$128 CS ; LL 
oe Ce = EEE eih 

75° = Saree a VET 

- 25 6. 3 Pood F—— AHH 


to rt an 
ssitiiramert 









— Transient Thermal Resistance- 





100 m200 m 500m 1 > § 1020 50100200 S100 
PW—Pulse Width—s 


Ic —Collector Current—A 


Rth(j-c) 





=16 20-30 40 —65. - My 
Voe—Collector to Emitter Voltage—V Io—Collector Current—A 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
i -— =SsS55-: Hf Fic =1000: 
= eee 


| 
— 
a] 
=] 









SWITCHING TIME (ton, tseg, tp) TEST CIRCUIT 







Ry = 27 2 
~10 ———= Silimanace coaee ==aaaeas 
— isi 


Te mmael 
ait oH i= 
as vases — Ht 
aii ee a7 


iimeei 
-o1 Hitt Hitman 


—-0.01 =0.1 —1.0 —-10 
Ic —Collector Current—A 





Collector Saturation Voltage—V 


PW=50 us Vepr5 V 
Duty Cycles2 % 


VBE(sat) —Base Saturation Voltage—V 


VCE(sat)~ 
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E 


ELECTRON DEVICE 





DESCRIPTION = The 2SB1151 is a Low Vee (cat) transistor which has a large current 
capability and wide SOA. 
It is suitable for-DC-DC converter, or driver of solenoid or motor. 


FEATURES ® Low Collector Saturation Voltage. 
VceE(sat) = —0.14 V TYP. (@ Ic/lg = —2.0 A/—0.2 A) 
® Large Current. 
Ic(pc) = —9.0 A, !ciputse) = —8.0 A 
® High Total Power Dissipation. : Py =1.3W 
® Complementary to 2SD1691. 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature.............2.-. —55 to +150 °C 
Junction Temperature ............. +150 °C Maximum 


Maximum Power Dissipations 


Total Power Dissipation (Tz = 25 °C) ........ 1.3 W 
Total Power Dissipation (Te = 25°C) ........ 20 W 
Maximum Voltages and Currents (T, = 25 “C) . 
Vcso Collector to Base Voltage ......... —60 V 
VcEO Collector to Emitter Voltage....... —60 V 
VeBo Emitter to Base Voltage.......... —70 V 
Icioc) Collector Current .............. —5.0 A 
Icipulse)* Collector Current ........... ve. 68.0 A 
Ipipc) Base CUTONE isn 'a a dso a/a as be —-1.0 A 


* PW = 10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


_ SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT 


VCE lsat)”” Collector Saturation Voltage 0.14 —0.3 V 
VBE(sat)”” Base Saturation Voltage —0.9 =—1.2 V 
heei”” DC Current Gain - 
heeo** DC Current Gain | — 
hee3** DC Current Gain - 
IcBo Collector Cutoff Current uA 
lEBO Emitter Cutoff Current Ay 
ton Turn On Time WT MS 
tstg Storage Time us 
| tf Fall Time : ws 
** PW = 350 us, Duty Cycle <= 2 % 


Classification of hres 
M L 





ween a 
100 to 200 160 to 320 200 to 400 
Test Conditions: Veg = ~1.0 V, Iq =—2.0A 
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PNP SILICON POWER TRANSISTOR 


2$SB1151 





PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 2.8 MAX. 
$32 £0.2(¢ 0.126) 


(0.110 MAX.) 









I} | 0.5549-98 
I] | (0.021) 


(0.512 MIN.) 


0.823 :38 
(0.031) 


Ez 
(0. 090) Or 090) 087) 


an 


Emitter 

. Collector connected 

to mounting plane 
3. Base 


TEST CONDITIONS 
‘Ic =—2.0A, Ip =—0.2A. 
Ic =—2.0A, Ip =—-0.2A 
Vee =—1.0V, lc =—-O.1A 
Vce =-1.0V, Ic =—-2.0A 
Vce=-2.0V, Ic =-—5.0A 
Vog =-50 V,ie =d 
Vep=-—7.0V, Ic =0 


lc =—-2.0 A, lp, =—Ip2=0.2A 
fees 5.02, Veco = —10V 











NE C ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


DERATING CURVE OF 
SAFE OPERATING AREA 





















25 x8 
= “ 
£100 
gs 20 g 
~~ | = 
= 
a } a 80 = 
uw 
a 15 SB 
ao o 
5 © 60}+-—-+— 
2 10 * 93 
7 > 40 
7 Ss 
co c 
Ke § 
| o 20 
t= . oo 
213 : J | 
7 = ————— . = j — | j 
0 50 100 150 200 3 O 50 100 150 200 
Tag —Ambient Temperature —°C T,—Ambient Temperature—°C 
COLLECTOR CURRENT vs. 
REVERSE BIAS SAFE COLLECTOR TO EMITTER 
7 OPERATING AREA VOLTAGE 
< 
< _gf | —8-F 
: | = 
5 —6 oO -6 
= 
seas s 
oS | a bd 
o —4- a— = —4 
— Oo a 
5 8 
o-2 LY _32 
0. 20 40 —60 —80 —100 Oo -04 -08 —l2 -l6 —20 


Vcore —Collector to Emitter Voltage —V Voce —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 


TRANSIENT THERMAL 
COLLECTOR CURRENT 


RESISTANCE 


Savers lov 
- ti r Ht —le=-0.1 A 










+t tt 











a 0205 1 2 #5 1020 50 100 200 5001000 
PW— Pulse Width— ms ct 

-0.1 -—0.3 —1.0 _3.0 

Ic —Collector Current--A 


ARthj -c)—Thermal Transient Resistance—°C_/W 






2SB1151 


SAFE OPERATING AREA 


; “80 “IC(pulse) MAX. = 












ae? ,| ae 


Ic— Collector Current — 


| Pi iil | 
i | | naan | ; 
“1.0 —2.0 —4.0-6.0--10 —?0 —40—60_100 
Vce—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


-10 pre ) 








l¢— Collector Current—A 


0-10-20 —30 —-40  —50 
VceE—Collector to Emitter Voltage—V 


COLLECTOR AND BASE 
SATURATION VOLTAGE vs. 





VCE(sat)—Collector Saturation Voltage—V 
VBE(sat)- Base Saturation Voltage—V 


“=008 -—01 —05 —10 30 =10 
Ic—Collector Current —A 
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EC 


ELECTRON DEVICE 





DESCRIPTION The 28B1217 is a Low Vce (sat) transistor which has a large 
current capability and wide SOA. 
It is suitable, for DC-DC converter, or driver of solenoid or 
motor. 

FEATURES ® Low Collector Saturation Voltage. 


VceE (sat) =—0.3 VMAX. (@lc/lp = —1.5 A/—0.1 5 A) 
® Large Current. * 

lcioe) = =3.0 A, Ic (pulse) = —5-0 A 
® High Total Power Dissipation.: Py = 1.3W 
® Complementary to 2SD1818 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature........ _.,, 55 to +150°C 

Junction Temperature ...... ... +150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (T3= 25°C)... 1.3 W 

Total Power Dissipation (Tp = 25°C)... 10 W 


Maximum Voltages and Currents (Ta = 25 °C) 


| (0.031) 
+ 


Vcso Collector to Base Voltage.... =60 V 
VcEO Collector to Emitter Voltage... -—-60 V 
VEBO Emitter to Base Voltage ..... —70 V 
lc(pc) Collector Current ......... —3.0 A 
Ic(pulse)* Collector Current ......... —5.0 A 
Ipipc) Base Current ............ —05 A 


*PW=10 us, Duty Cycle=50 % 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC , TYP. 


VCEisat)** Collector Saturation Voltage 
VBE(sat)"* Base Saturation Voltage 
heei** DC Current Gain 

heeo** DC Current Gain 

hre3** DC Current Gain 

IcBO Collector Cutoff Current 
lEBO Emitter Cutoff Current 


ton Turn-On Time 
tstg Storage Time 
«tf Fall Time 
**PW < 350 ws, Duty Cycle < 2 % 


Classification of hres 























“Rank 
100 to 200-— "Ff 160 to 320 200 to 400 





Test Conditions Vege = —2.0V, Ic = —0.6A 
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MAX. UNIT 





PNP SILICON POWER TRANSISTOR 


2SB1217 





PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 


$32-02(¢ 0.126) 


(0.472 MAX.) 


_.12.0 MAX. 


(0.512 MIN.) 


13.0 MIN. 


a 


2.3/2.3 
(0.090)/ (0.090) 


eae) 


. Emitter 

. Collector connected 
to mounting plane 

. Base 


TEST CONDITIONS 


Io =-1.5 A, 1p =—0.15 A 





Ic=—15A,lgp=—O0.15A 

VceE=—-2.0V,Ilc=—-O0.2A 
Vce = —2.0V, Ic =—O.6A 
Vee =—2.0V, lc =—2.0A 
Veep =—-60V,le=0 

Veg = —7.0V,I¢c=0 


Ic = —1.0 A, lpi =—lpo=—0.14 
Ry =102,Vec =-10 V 





NEC trecteon oevice 2SB1 217 





TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. DERATING CURVE OF FORWARD BIAS SAFE 
AMBIENT TEMPERATURE SAFE OPERATING AREA OPERATING Sule 


— 4 






—T Dissipation Ss. ‘. 
| | Limited 





£ 
= 
6 
$ -0.2 
2 
i 
rs) 
2 


P7—Total Power Dissipation—W 
dT — Percentage of Rated Current 








—0.01 Li | 
| | —10 =—20 -50 -—W -—20 -60 - 
0 30 100 150 200 VcE--Collector to Emitter Voltage—V 
Ta—Ambient Temperature — °C T¢ —Case Temperature —°C 
: COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
REVERSE BIAS SAFE COLLECTOR TO EMITTER COLLECTOR TO EMITTER 
OPERATING AREA VOLTAGE 20 VOLTAGE 
<r <= 
< | MP 
: : 
pal) i = 
: 5 S 
. 5 s 
£ 8 - 2 
& re rar 
re. oO Oo 
oO l | 
| oO- Lo 
oO & 
| 0 -10 -20 -30 —-40 —50 
Voce —Collector to Emitter Voltage—V VceE—Collector to Emitter Voltage—V 


Voce —Collector to Emitter Voltage—V 


BASE AND COLLECTOR 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. SATURATION VOLTAGE 
Vs. potest ata lbsib CURRENT 


BASE TO EMITTER VOLTAGE 000 COLLECTOR CURRENT 





= vaEisat) 25 C3 


DC Current Gain 


4. ss — 


Ic —Collector Current- A 
NFE ~ 


moors 





0 —02? -04 -06 —08 “0 12 14 ~1e 10 ate 005—-0.1— EE T0-20 —50° 
Vee —Base to Emitter Voltage—V lc —Collector Current—A 


YCE(sat)~— Collector Saturation Voltage V 
VBE(sat) Base Saturation Voltage —V 


Cc —Collector Current—A 
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2SB1217 NEC ttectron nevice 





TURN-ON, STORAGE AND 





FALL TIME vs. COLLECTOR GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
‘ CURRENT Hine adeibhendild Mir ecoadecatclacde TO BASE VOLTAGE 
, Seer ate —10V z . | 
7 5.0 5 a I a I= 10- Ip1 = rol 
= uw t = | | = TTT | = —_ 10: ue a 
is a 2.0 : =z Te i S Q 
Eo 1,.0/— 38 g 
RE & | = 
5 = 0.5 EE nll a 
— Lili 7 0 
c PE o2 BE pees ssesceeerarmseess 2 
sse a 2 oe. a s 
KEM = c a 
= 1 a 3 
) a = 
S =) 0.05 [- 7 
aw 0 a 
oO C 
0.02 oO 
0.01 | | A 
-6.1 -0.2 -05 -10 -2.0 -5.0 -10 . J 
Ic—Collector Current — A I¢ Collector Current —A Vcp- Collector to Base Voltage—V 


246 


NEC /~ ____ eNP SILICON TRANSISTOR — 
ELECTRON DEVICE 2 S Cc 2 2 7A ( B ) 











ee ee ee 


DESCRIPTION The 2SC287A(B) is an NPN silicon epitaxial transistor | peer 
intended for use as VHF oscillator in a tuner of a TV PACKAGE DIMENSIONS 


in millimeters (inches) 


receiver, 
The device features stable oscillation and small fre- 







quency drift against any change of the supply voltage | 
ae and the ambient temperature, , tee S | | 
~ ee | 
| , | '?s 
: : — 40 MI AG AAT 
FEATURES @ High gain bandwidth product; oon hia Rasy lose 7 
f7=1 100 MHz TYP. - 
® Low collector to base time constant; = 
Ce Th 'b= 10 ps TYP. = 
@ Low output capacitance; - 
e ae 0.65 
Cop=1.0 pF MAX. xi & (0.026) 
$ x 2 MARKING 
- > ra 


—= . Fy Ply A 





ABSOLUTE MAXIMUM RATINGS = 
Maximum Temperatures 38 
Storage Temperature ....... —55 to +125 °C x | 
Junction Temperature... .. +125 °C Maximum S 040 MAX, | 
Maximum Power Dissipation (Ta=25 ~C) ; SG cae 
Total Power Dissipation ........... 200 mW 1. BASE 
Maximum Voltages and Currents (Ta=25 ~C) 2 ee aa 
Vepo Collector to Base Voltage ....35 V 
Vceo Collector to Emitter Voltage ..15 V ee 
Vepo Emitter to Base Voltage ..... 40 V 
lc Collector Current .......... 20 mA 
lp Base Uren oc neo ais ee a em 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNIT TEST CONDITIONS 

hee DC Current Gain 60 100 200 Vce=10 V, lce=5.0 mA 

fT Gain Bandwidth Product 600 1 100 MHz Vce=10 V, leE=—5.0 mA 

Cob Output Capacitance 0.8 1.0 pF Vcp=10 V, le=0, f=1.0 MHz 

Crb* Reverse Transfer Capacitance 0.35 0.4 pF VceE=10 V, f=1.0 MHz 

Ce: Tb'b Collector to Base Time Constant 10 20 Pps Vce=10 V, le=—5.0 mA, f=31.9 MHz 
icBo Collector Cutoff Current 0.1 uA Vce=15 V, le=0 

VCE lsat) Collector Saturation Voltage 0.1 0.6 V Ic=10 mA, |B=1.0 mA 


* The base terminal should be connected to the guard terminal of the capacitance bridge. 


Classification of hee 





hre Test Conditions : VcE=10 V, Ic=5.0 mA _ 
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hee ~ DC Current Gain 


2SC287A(B) 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





With Fin Pees = | § gece | PCB. 
300 - i Cire 

| a 196% 51 

| “1.5 mm 

| Without Fin | 


100} 


Py ~ Total Power Dissipation - mW 


Oo 25 50 75 106-125 


Ta—Ambient Temperature —°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


150.-—7—- 














| 1 Ma 
0.1 05 1.0 90 10 20 30 


i¢ ~ Collector Current — mA 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





20 — _ ——$+ —_—- - 
. coh 180 A a ae | 
ma ee fa) . P| a Gee 
ee Sf 160 waPT 200 as 
| = ) x 146 nk | | 
a 14 = . _ ae = se a Sn —_—— 4 
5 i bee e ima 
5 10- + ———— at — 
o Bit es EE 
= 60 wA 
. fo) ~ | = a = —————) 
Go 6 + = t 
/ LO th 


les 
PS cs 
4 
| 
| T 
| 
| 
| 
_— 7 
oO | 
i 
rN 
o |: 
2 -T 
> 
| : 
} 
EE 


Voge —Collector to Emitter Voltage—V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Cop ~ Output Capacitance — pF 





10 2030 50 10 
Veg Collector to Base Voltage — V 


20 40 50 100 


MHz 


fy ~ Gain Bandwidth Product: 


ELECTRON DEVICE 


NEC 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


me 


















5.0 

<= 

E 

2. 

€ 

ab] 

= 20 : 

= 

oO | 

i | 

S 

g | ge aa 

§ fea 

Pee 8 a me 
|---— 
0.34 
G2 
05 0.5 7 0.8 0.9 10 

Vap —Base to Emitter Voltage —V 

GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 

5 000r-— SS 
Eat | matali Veg = 10 V 
A iil £100 Mee 





10 ~-50 


0.1 ~05-10 -50- 


le — Emitter Current—maA 


TYPICAL CHARACTERISTICS of “Y" PARAMETERS 


INPUT ADMITTANCE (yj,) 


REVERSE TRANSFER ADMITTANCE (yp) 
vs. FREQUENCY 


vs. FREQUENCY 


FORWARD TRANSFER ADMITTANCE (y¢,) 
vs. FREQUENCY 

























Bib —Input Conductance — mS Spb — Reverse Transfer Conductance —ms € 100 —+— a Sa CE Ty aca, si _ = 
| ee ee : , | | | ty =Bth TD Fp 
= 20 40 «60 80 109 | 10-08 ~ ines 0.4—- Ge 0 pe © igs -10 ma 00 MHz | Yoa=10 Vv 
| | | |] | if Yib = Bint) jp) | Yrb= — {| = ae £ 380; 7 
E -20+—+4 ae a ee ik a sci |_| |  |_go9q4 PA | 
| | | j = a =e mah "200 MHz 
qa j | | | ee an 5O) j 5 n b ’ } 
S) e +——+—_+--_+4_ |__| 84 . 
= | —3 mA | | a | @ | J .[ =3 mA 
Sf -40 sa 4-04.01 vy) 
5 ST o— | c 
5 | aw = “0; 
4 o-——— 4 ——4———__-4 T G e 
 -60 -5 mA_| | | | _o¢s 2 ft = | 
~~ i 7 | 
2 , | | [& 5 2+-+—++—+ +--+} -+—+__ 
. +7 mA — al 5 yy TT 
> ~80}—+-_+__ |__| | -10 mA __| | lo9 54 ) 2 a Pe el a ee es 
F | | ~~ Hi00" wiz | g “oe oe ee ee = 
BeSEES — — 4 © -100 -80 ~-60 -40 +20 
— 100 tt | st] 0x gf, Forward Transfer Conductance —m3 
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NEC ttectron vevice 2SC287A(B) 





OUTPUT ADMITTANCE (yop) 
vs. FREQUENCY 


- 300 MHz 








20 --———T cid eaeantieas 
| ¥ =o os — b 
ob ~8ob ©! ?ob 
| 4 : aad _ 
a | 
ST oo eta | 
= 
a. 1, - o 
© | 
a 1.0| 150 MHz L 
0 LA 100 MHz | 
a | / 5 ga 7 ma : 
& [!E = —3 mA "| 
| 
r- j a a a 
e | 1 
oo | | 
| 
a ee eae ee Se ee 
0 i 20 


Bob — Output Conductance ~ m5 
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E 





ELECTRON DEVICE 


DESCRIPTION 


receiver, * 


The 2SC288A(5-B) is an NPN silicon epitaxial transistor 
intended for use as UHF oscillator in a tuner of a TV 





NPN SILICON TRANSISTOR 


2SC288A(5-B) 





~ 





PACKAGE DIMENSIONS 


a 


in millimeters (inches) 


The device features stable oscillation and small fre- 


quency drift against any change of the supply voltage 






















=. -and the ambient temperature. te S | 
| 4.0 or — 4.0 
FEATURES @® High gain bandwidth product; (0,158 MIN.) L {0.158 MIN.) | 
f¢=1 300 MHz TYP. \32 | 
@ Low collector to base time constant; = 2 
Co-Tp’b=8 ps TYP. st s | 
@ Low output capacitance; x a | 
Cop=1 .O pF MAX. x S 3 (0.026) 
= 3 - MAREING | 
ABSOLUTE MAXIMUM RATINGS at98 
Maximum Temperatures. os - | 
Storage Temperature ........ —55 to +125-C : | | 
Junction Temperature ..... +125 °C Maximum = pale Time 
Maximum Power Dissipation (Ta=25 °C) 7 kee | 
Total Power Dissipation ............ 200 mW 2. EMITTER 
Maximum Voltages and Currents (Ta=25 °C) i aad al | 
Vcpo Collector to Base Voltage..... 30 V a eas __ 
Vceo Collector to Emitter Voltage 15 WV 
Veso Emitter to Base Voltage......4.0 V 
lc Collector Current .......... 20 mA 
lp Base Current ........2.0005 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 ‘C) 


‘SYMBOL 


fT 

Cob 
Ce'lb'b 
IcBO 
VCE (sat) 


CHARACTERISTIC 


DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 

Collector to Base Time Constant 


Collector Cutoff Current 


Coilector Saturation Voltage 


Classification of hee 


100 — 200 





bee Test Conditians : 
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Vce=10 V, Ilc=5.0 mA 


UNIT 


TEST CONDITIONS 
VcE=10 V, Ic=5.0 mA 
Vce=10 V, leE=—5.0 mA 
Vce=10 V, le=0, f=1.0 MHz 


VcE=10 V, lE=—5.0 mA, f=31.9 MHz | 


Vcep=15 V, le=0 
Ic=10 mA, | Bp=1.0 mA 





NEC ttectron DEVICE 2SC288A(5-B) 





TYPICAL CHARACTERISTICS (Ta = 25 °C) 











TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT ves. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
= 
E 
<x 
5 7 i: 
a = 4 
i : Boras 
= , 3 z 
Qo Aig" | — Z_ 
S Withemt Fin 7 3S 
oO. o G 
[si 2 3 
3 - S 
a 
1 L - 
a = 
a 
75-100 : “05. 06 O07 08 09 10 
Ta—Ambient Temperature — °C Veep - Collector to Emitter Voltage —V Veep —Base to Emitter Voltage -V 
DC CURRENT GAIN vs. OUTPUT CAPACITANCE vs. GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE EMITTER CURRENT 
f=1 MHz ttt 5 SSSA 
ae = 5 oooh 
rat - HH 
£ © 2 | rs 
co = = 2 000 TIT 
= = 
£ s = 1 oooh — 
S § 3 
= _~ e By) 
m3 5 S 2 
a = 
7 & = 
te 5 200 
e 2 
co a og i100 ; i in| | | | 
-05 -1 -2 -5 -10-20 -50 
le —Emitter Current--mA 
Ic —Coliector Current ~ mA Vog —Collector to Base Voltage —V 
TYPICAL CHARACTERISTICS of “YY” PARAMETERS 
Vib vs. f Yrb V5. F Vfb ws. f 
Bip ~~ Conductance ~ mS Brh ~ Conductance — mS 100 500 Mine arg 
_? CB 
o 10 20 30 40 50) +4 Ve = 20 mAy__. — 
so}10 mAgi— 
un 
E —__—_-—_ + —} ~—- e ee 
ae 
; A200 MHz! 
E 8 | | | 
@ ST sans ios a Sis a 
= w wy BOO MHz 
q i oe 40b : 
a an | cf 
> & wy 800 MHz 
& © a 1 000 MHz 
A z = | 
wm 20 — 
‘2° a 
a a = — * - . 
a | 
“45-20 0 +70 +40 





gf, — Conductance — ms 
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2SC288A(5-B) | a | | NEC tvectron vevice 





Vop=10 v | 


ms 





-Suscentanre 


400 MHz 


+ 4 


200 MHz 





é ~Conductance mS 


s 
ale 


TYPICAL CHARACTERISTICS of “S’” PARAMETERS S11 vs. f, So vs. f 












a, *, 
= . ‘ e a 4 r . _ 
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— — F my eh, 
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NEC 


ELECTRON DEVICE 











DESCRIPTION The 2SC605(B), 2SC606(B) are designed for use in 
MIXER for VHF Tuner (2SC605(B]) and forward AGC 
for VHF RF Amplifier (25C606(B)). 

FEATURES @ High fr 

ie TYP. 530 MHz @ Vce=10 V, te= —3.0mA 


| ® Low Noise 
TYP. 2.0dB @ f=200 MHz 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures. 


Storage Temperature........ —55 to +125 °C 
Junction Temperature ..... +125 °C Maximum 
Maximum Power Dissipation (Ta=25 ~C) | 
Total Power Dissipation............ 200 mW 
Maximum Voltages and Currents (Ta=25 °C) 
Vcspo Collector to Base Voltage.....30 V 
Vceo Collector to Emitter Voltage ea. 
Vego Emitter to Base Voltage.... oa 
le Collector Current ....... ‘...20 mA 
Ip Base Current... 2. ee wee 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





2SC605 (B 


SYMBOL 
MIN. TYP. MAX. MIN. TYP. 


CHARACTERISTIC 


DC Current Gain 
AGC Current 


Gain Bandwidth Product 
Output Capacitance 


Power Gain 


Noise Figure 
Collector Cutoff Current 


Classification of hFe 





K 
100 — 200 
hre Test Conditions : Vce=10 V, Ilc=3.0 mA 


Classification of lacc 


SE 


~9.0-—11 


| Range (mA) | -8.0 —-105 | 


Test Conditions : f=200 MHz. |_ at gain reduction of 30 dB. 


295C606 (B) 


NPN SILICON TRANSISTORS 


2SC605(B),2SC606(B) 











PACKAGE DIMENSIONS 


in millimeters (inches) 





(0.158 MIN.) 








== 
|== 
2 oo 
|= ul 3 
3 tos 
| | 
= — 
ew 0.65 
s 0 (0.026) 
5 2 MARKING 
om. | 
= 2 


(1.008) 


pay 





oe ot 
@ 4.0 MAX, 
i@ 0.157 MAX.] 


oO 
as 

oS = 
Ps. 

= 

ts 

o 


1. BASE 
2. EMITTER 
3. COLLECTOR 









TEST CONDITIONS 


Vce=10 V, Ilc7=3.0 mA 
f=200 MHz 

le at gain reduction of 30 dB. 
Vce=10 V, le=—3.0 mA 
Vce=10 V, f=1.0 MHz, |e=0 
f=200 MHz, Ilc=3.0 mA 

See Test Circuit 

f=200 MHz, !c=3.0 mA 
Vce=20 V, le=0 
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2SC605(B),2SC606(B) 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P+ —Total Power Dissipation —- mW 





0 2 50 75 100 
Ta—Ambient Temperature —’c 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


a ee oe a oy eed Gee Gb oe a 
Re te tte e e To lag V 

TT a oo oo or ts 

—~ —y 


oe eet 











’ —+—$4~+ 0-444 
al aa 
S eae ; 4~—¢ 4 eeews - 
SS ; | wal i yyy 
- 200 | Trin a> on on 80S Aa Rel | 
a | | || al 1 
“ | il 
= on ——~ eee Lil 
Oo 100 aT ttt + 71S t- ca os eis 
+ eter a] EES Tal ba - --- + Ot tee 
© a —— ow ——TT>++ - +. -_+ mai 
Go 50 — —4——+ oH —— pond +t tt om tthe 
| meee 
LE 
re hh 1 at de et ee ee | 
£ mail i yy LI L | dad 
20 ha poet aii er oe it a es meni! 
| | | 111] | yy 
10 | eel 


meee 
0.10.2 0.5 1.02.0 5.010.020.0 
ic ~ Collector Current —mA 


lc —Collector Current mA 


Cob ~ Output Capacitance — pF 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





0 5 10 15 20 25 
Vce —Collector to Emitter Voltage —V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


et 


a: a} tk at ae 


— + oath i TTT 
Jt. Sain oe ee $e 4 
at | | | | 


| 

, | {7 bq 

1 | ad 

{ | 1uq) 
1] 1] 

| mau 


tH 





0.10.2 0.51.02.0 5.010 20 50 
Vcp—Collector to Base Voltage ~ ¥ 


TYPICAL CHARACTERISTICS of “Y” PARAMETERS 


INPUT ADMITTANCE (Vie) V5. 
FREQUENCY 


Vie =Zie t+ ibje 
Vor = 10 V 


f=300 MHz | 
——+— mies 
| 
—- a wey 
x 300 _ 


a 


f= 100 MHz 
j}—_ 


mem 


(e@lc=3.0 mA 


Jo Ig=5.0 ma 7 | 


alc=7.0 mA t—— | 
10 mA | | 


bje ~Input Susceptance —mS 


x Ice . 
pe tet 


0 20 40 60 80 
Bie ~ Input Conductance — mS 
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100 


REVERSE TRANSFER ADMITTANCE (Y¢q) vs. 


FREQUENCY 


mS 


bre—Reverse Transfer Susceptance — 


Yra =Ere * thes L 


/ 
= 
a 


“-0.6 -0.4 -0.2 OQ 


=68 
| Bye ~ Reverse Transfer Conductance —mS 





ff —Gain Bandwidth Product — MHz 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


Ic —Collector Current—mA 





0.1LiI | 
0.5 0.6 0.7 0.8 0.9 1.0 
Yee —Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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FORWARD TRANSFER ADMITTANCE (y¢g) vs. 
FREQUENCY 


be — Forward Transfer Susceptance —m5 
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OUTPUT ADMITTANCE (Voge) vs. POWER GAIN AND NOISE FIGURE 


FREQUENCY vs. COLLECTOR CURRENT 
+ 30 | #=200 MHz 

w) | | See Test Circuit 
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POWER GAIN, NOISE FIGURE AND Iagcc TEST CIRCUIT 
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NF —Noise Figure —dB 
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ELECTRON DEVICE 










DESCRIPTION The 25C923 is designed for use in driver stage of AF amplifier 





NPN SILICON TRANSISTOR 


2SC923 


and low speed switching. PACKAGE DIMENSIONS 


in millimeters (inches] 


5.2 MAX. 
FEATURES @ High hee and Excellent hee Linearity . (0.204 MAX.) | 


~ hee (Ic = 1.0 mA, Vee = 6.0 V) : 500 TYP. 
| hee, (0.1 mA) /h¢eeo (1.0mA) (Vce =6.0V) : 0.94 TYP. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ......... ... 755 to +125 °C 
Junction Temperature ........., +125 °C Maximum 3 
Maximum Power Dissipation (Ta=25 C) 5 
Total Power Dissipation ...........00.4. 250 mW 
Maximum Voltages and Currents (Ta= 25 °C) 
Vcpo Collector to Base Voltage ........ 40 V 
Vceo Collector to Emitter Voltage ..... a, 35 V 4. EMITTER ELAS 
Vegpo Emitter to Base Voltage ......... 50 V = aad — 
Ic Collector Current .. 2.852585 «ss 100 mA 
lp Base CUMane « pede oh uew hi wea 20 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC TYP. . TEST CONDITIONS 


DC Current Gain | Vce=6.0V, lc=0.1 mA 

DC Current Gain Vce=6.0 V, [c=1.0 mA 

Gain Bandwidth Product Vce=6.0 V, le=—-10 mA 
Collector to Base Capacitance ‘ : Vc p=6.0 V, le=0, f=1.0 MH2 


Collector Cutoff Current Vop=40 V, Ie=0 


Emitter Cutoff Current | VeR=5.0 V, lc=0 

Base to Emitter Voltage _ Vce=6.0V, lc=1.0mA 
Collector Saturation Voltage : Ic=100 mA, |p=10 mA 
Base Saturation Voltage : \ 1c=100 mA, Ip=10 mA 





Classification of hee 





| Rank | R Q az: K | E | U 
bein ee ee ee (Sn eee! (Nene a 


| 


Range | 90-180 | 135-270 | 200-400 | 300-600 | 400-800 | 600-1200 


hfe Test Conditions : Vcge =6.0 V, lc =1.0 mA 
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4.2 MAX. 
(0.165 MAX.) 


ees 
= 
= 
ua 
Ww 


(0.216 MAX.) 


(0.5 MIN.) 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 ° 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
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C unless otherwise noted) 


NORMALIZED COLLECTOR CUTOFF 


CURRENT vs. AMBIENT TEMPERATURE 


2000 ao EE 













Normalized Collector Cutoff Current 
eh on =) 3 


25 ‘C) 


0 20 640 60 BO 100 120 140 16C 
Ta—Ambient Temperature — ‘C 
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DC CURRENT GAIN’ 
vs. COLLECTOR CURRENT 
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hee —DC Current Gain 








8 


lc —Collector Current —mA 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





VBE(sat)—Base Saturation Voltage—V 
VoE(sal —Collector Saturation Voltage —V 


"O102 05 1 2 «5 
ic —Collector Current—mA 
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Q0l0@ O06 01 02 05 1 2 5 0M 3 iM 
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2SC923 





COLLECTOR CURRENT vs. 


l¢ —Collector Current —mA 


hrFe —DC Current Gain 


ft —Gain Bandwidth Product —MHz 





COLLECTOR TO EMITTER VOLTAGE 
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vs, COLLECTOR CURRENT 
poate 
S00 CM 
700 
sens 
“TT! 
coor 
soo TM 
mail Pr 
oF 
a ot 
emai ent 
200 a 





0 , 
OOO@ O@O1O2 O58 1 2 § 
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GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


THT cin 


=§ -10 -2 
le —Emitter Current—mA 
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257 


2SC923 - | NEG ttectron oevice 





INPUT IMPEDANCE, VOLTAGE FEEDBACK 








<MITTER TO BASE AND COLLECTOR TO BASE SMALL SIGNAL CURRENT GAIN RATIO AND OUTPUT ADMITTANCE 
CAPACITANCE vs. REVERSE VOLTAGE vs. DC CURRENT GAIN vs. SMALL SIGNAL CURRENT GAIN 
i 106 1000 os = 
6 Vee =6.0 V| ashe = TT | | Vee=60V 
G., SOF = Ic =1.0 mA -—— - = +—+—— Ic =1.0 mA 
ti) “ = / * ! | | =I, 
ec So py ce eee oS | os 2 
es 20 —_—— cd | 2 i 
s¢ | = hat a v 
88 iol = = si ra 
oo S 600 £ 60] $30) § 3 
ow | a AO = i= a » 
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Ee 1 ¢ | 5 oo = 
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VcR—Collector to Base Voltage —V 
NORMALIZED h-PARAMETERS NORMALIZED h-PARAMETERS vs. 
vs. COLLECTOR CURRENT COLLECTOR TO EMITTER VOLTAGE 
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NPN SILICON TRANSISTOR 


2SC945 





iD 





ELECTRON DEVICE 


DESCRIPTION The 2SC945 is designed for use in driver stage of AF amplifier 





in millimeters (inches) 


i 


Maximum Power Dissipation (Ta=25 °C} 





L.// MAA 
{0.069 MAX.) 


if Hs 
: | 





and low speed switching. | PACKAGE DIMENSIONS 
| 5.2 MAX. 
FEATURES ® High Voltage LVceEo: 50 V MIN. | (0.204 MAX.) | 
- ® Excellent hee Linearity | i 
a hee, (0.1 mA)/hees (1.0 mA) - 0.92 TYP. P oie 
3 
FEM 
Cae 
ABSOLUTE MAXIMUM RATINGS PO Me 
, 0.45 | 
Maximum Temperatures oo) 22 
Storage Temperature .............. —55 to +125 °C i . 
Junction Temperature ..........44 +125 °C Maximum — 





Total Power Dissipation ....... Pr eee 250 mW | (0.05) | I ge 
Maximum Voltages and Currents (Ta=25 °C) | = E = 

Vepo Collector to Base Voltage ........., 60 V : \- S 

Veeo Collector to Emitter Voltage ...:.... 50 V 1. EMITTER - SC 438 

Vero Emitter to Base Voltage ........... 5.0 V pares mile meg 

lc Collector GUMENE, «:« <.(-2,1-40%6 9 oa aes 100 mA 

lp Base GUNENG. +204 «oda gee oO ogee 20 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC | TEST CONDITIONS 


DC Current Gain Vce=6.0 V, Ic =0.1 mA 

DC Current Gain | Vce=6.0 V, Ic=1.0 mA 

Noise Figure Vce=6.0 V, Ic =0.1 mA, Rg =2.0 kf, f=1.0 kHz 
Gain Bandwidth Product HZ Voe=6.0 V, le=-10 mA 

Collector to Base Capacitance U | Veep =6.0 V, le =0, f=1.0 MHz 

Collector Cutoff Current Vcp=60 V, ie=0 

Emitter Cutoff Current A Vep=5.0V, le=0 

Base to Emitter Voltage : Vo VceE=6.0 V, Ic=1.0 mA 

Collector Saturation Voltage ), lc =100 mA, lgp=10 mA 


Base Saturation Voltage : lc =100 mA, |lp=10 mA 


QO | p . K 


———$$___j—_____——_ SS ; 
909-180 135-270 , 200 — 400 300 — 600 





hee? Test Conditions : Vce =6.0 V, le =1.0 mA 
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2SC945 


TYPICAL CHARACTERISTICS (Ta= 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


Py Total Power Dissipation —mW 





0 25 50 75 100 125 150 
Ta—Ambient Temperature —*C 


COLLECTOR CURRENT 


vs. COLLECTOR TO EMITTER VOLTAGE 


ic —Collector Current—mA 








Vce —Collector to Emitter Voltage—V 


COLLECTOR CURRENT 
vs, BASE TO EMITTER VOLTAGE 
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25 °C unless otherwise noted) 


NORMALIZED COLLECTOR CUTOFF 
CURRENT vs. AMBIENT TEMPERATURE 


—Normalized Collector Cutoff Current 
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lc —Collector Current—mA 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


ie ees oe. 


VBE(sat) Base Saturation Voltage —V 
VCE(sat) ~Collector Saturation Voltage —V 
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COLLECTOR CURRENT 


_vs, COLLECTOR TO EMITTER VOLTAGE 
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GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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NEC ELECTRON DEVICE 


EMITTER TO BASE AND COLLECTOR TO 
BASE CAPACITANCE vs. REVERSE VOLTAGE 


Cipb —Emitter to Base Capacitance —pF 
oe to Base Capacitance —pF 


He —Normalized h - Parameters 


Rg Source Resistance —2 
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jce=Eratier ‘a base Voltage —V 
Vcp Collector to Base Voltage—V 


NORMALIZED h-PARAMETERS 
vs. COLLECTOR CURRENT 


Vee =6.0 V 
| f=1,.0 kHz 
— hellc? 
e hellg =1.0 ma) 
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NOISE FIGURE MAP 34 
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SMALL SIGNAL CURRENT GAIN 
vs. DC CURRENT GAIN 
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NORMALIZED h-PARAMETERS 
vs. COLLECTOR TO EMITTER VOLTAGE 
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NOISE FIGURE MAP 2 
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INPUT IMPEDANCE, VOLTAGE FEEDBACK 


RATIO AND OUTPUT ADMITTANCE 
vs. SMALL SIGNAL CURRENT GAIN 
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E, AND I, vs. COLLECTOR CURRENT 
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NOISE FIGURE MAP 3 
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ELECTRON DEVICE 









DESCRIPTION The 2SC945(L) is designed for use in an AF amplifier of 
low level low noise and general purpose. 


FEATURES @ Excellent hee Linearity 
(hee, (0.1 mA)/heEes(1.0 mA): 0.92 TYP.) 
= ® Low Noise Figure (NF: 2.5 dB TYP.) 
@ High Voltage (VcEo > 50 V) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ......... —55 to +125 °C 

Junction Temperature........ +125 °C Maximum 
Maximum Power Dissipation (Ta=25 ~C) 

Total Power Dissipation ........... 250 mw 
Maximum Voltages and Currents (Ta= 25 °C) 

Vepo Collector to Base Voltage........ 60 V 

Vceo Collector to Emitter Voltage ...... 50 V 

Vepo Emitter to Base Voltage ....-.. 50 V 

le Collector Current 2.2 se as 100 mA 

Ip Base CUNMBNE 6 6 wae SS poe ee ee: oe 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


2SC 


NPN SILICON TRANSISTOR 


9451.) 








PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


1. EMITTER EIAJ 


3. BASE IEC 


; 
= 
= = 
in = 
rs 
=) 
—— 


12.7 MIN 
(0.5 MIN.) 


42 MAX 
(0.165 MAX.) 


: SC-43B 


| 2. COLLECTOR JEDEC: TO-92 


>: PASS 











SYMBOL CHARACTERISTIC TEST CONDITIONS 
DC Current Gain VcE=6.0 V, ic=0.1 mA 

heeo DC Current Gain 90 200 600 _ Vce=6.0 V, Ic=1.0 mA 

NF 4 Noise Figure (hee 9 Rank K, Q) 2.5 20 dB Vece=6.0V, lc=0.38 mA, Rq=10 kf, f= 100 Hz 
NF5 Noise Figure 1.2 20 dB Vice =6.0 V, 1c =0.3 mA, Rg=2.0 kf, f= 100 Hz 
| i; Gain Bandwidth Product 150: 250 450 MHz Vce=6.0 V, le=-10mA 

Cob Output Capacitance 3.0 4.0 pF Vcp=6.0V, le =0, f=1.0 MHz 

IcBo Collector Cutoff Current 100 n& Ve ,=60 V, l_=0 

lERO Emitter Cutoff Current 100 n& WeRp=5.0V, lc=0 

VRE Base to Emitter Voltage 0.55 0.62 0.65 Vo Vee=6.0 V, le=1.0mMmA 

VcE(sat) Collector Saturation Voltage 0.15 0.30 VV I¢= 100 mA, Ip=10 mA 





VBE(sat) 









Classification of hres 





135-270 | 200-400 | 300-600 


hee Test Conditions : Voce =6.0 V, Ic=1.0 mA 
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Base Saturation Voltage 0.86 1.00 V Ic=100 mA, |lp=10 mA 






NEC ELECTRON DEVICE — 2SC945@0) 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 











TOTAL POWER DISSIPATION vs. NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE CURRENT vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
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2SC945(\) | 7 NV, EC ELECTRON DEVICE 





INPUT IMPEDANCE, VOLTAGE FEEOBACK 

























INPUT AND OUTPUT CAPACITANCE SMALL SIGNAL CURRENT GAIN vs. RATIO AND OUTPUT ADMITTANCE 
vs. REVERSE VOLTAGE DC CURRENT GAIN vs. SMALL SIGNAL CURRENT GAIN 
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=) tn » 206 10+ = 10 
ne | gf |> 
= a | 
f) ©) = w 
ee © 
0.1 6 9 0 
0102 05 1 2 § 10 2 40 100 0 a a ee a hfe —Small Signal Current Gain 
Veg —Collector to Base Voltage —V hee —DC Current Gair 
VER —Emitter to Base Voltage —-V 
NORMALIZED h-PARAMETERS NORMALIZED h-PARAMETERS ; 
vs. COLLECTOR CURRENT vs. COLLECTOR TO EMITTER VOLTAGE en AND In vs. COLLECTOR CURRENT 
ic =1.0 mA 1000,  100>-—— 
oar 7 is +—t §-1 Oke | mE =.0 
w _| 1.0 Hz 
5 oD geen | | em —atMCE) __ NF ; 10 logse 
2 E ae | 
: ° SE sol 
a a —_ : “a, 
i l ~~ ths 
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NPN SILICON TRANSISTORS 


_28C1070(1), 25C1070(2) 





NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SC1070(1) is specifically designed for UHF RF amplifier - 





applications. The 2SC1070(2) is specifically designed for UHF PACKAGE DIMENSIONS 
mixer applications. They feature high power gain, low noise in millimeters (inches) 
figure and excellent forward AGC characteristics in a tiny four- ~ 
lead plastic package. - 
FEATURES @ Low NF high Gop. ~ 
NF=2.8 dB TYP. Gop= 18 dB TYP. (f=900 MHz} aa 
® Forward AGC characteristic. | i) ¥22. digas mini 


® Balanced base. 





ABSOLUTE MAXIMUM RATINGS eae en 
Maximum Temperatures a | | x8 
Storage Temperature............ -55 to+125 °C | 52 - 
Junction Temperature ......... +125 °C Maximum | ve - | 
Maximum Power Dissipation (Ta=25 °C) S 04.0 MAX, 
at. i : se {@0.157 MAX.) 
Total Power Dissipation. ............... 200 mW S 
Maximum Voltages and Currents (Ta=25 °C) 
Vcso Collector to Base Voltage... 2... 30 V . BASE 
: ; . EMITTER 
VcEO Collector to Emitter Voltage. ..... 25 V . BASE 
VEBO Emitter to Base Voltage......... 3.0 V | + eee a 
le Collector Current ............. 20mA 
lp Base Current ............20.0% 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
















| i ihies 28C1070(1) 28C1070(2) emaRiReNA: 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNIT TEST CONDITIONS 
hee DC Current Gain 40 80 200 40 £80 200 —  VeE=10V,Ic=3.0MA 
— z 7 f=200 MHz 
ae. Re ao ” mA Ig at gain reduction of 30 dB. 
fr Gain Bandwidth Product 750 1000 750 1000 MHz Vee=10 V,le=-3.0 mA 
Cob Output Capacitance 0.55 0.8 0.55 0.8 pF Vcp=10 V, f=1.0 MHz, le=0 
Gob Power Gain 14 14 dB bh V, IE=—3.0 mA, f=S00 MHz 
see Test Circuit 
NF Noise Figure 2.8 4.0 2.8 4.0 dB Vep=19 V, le=—3.0 mA, f=900 MHz 
lcBOo Collector Cutoff Current 0.1 0.1 mA Vep=25 V, le =0 


2$C1070(1) Classification of lace 
a re 





laGc Test Conditions : le for which GopaGgc=Gppb —30 dB 


2SC1070(2) Classification of hee 


| Rank F | 
See eee 
| Range | 40 — 200 | 
(ES EE EOI, 


hee Test Conditions : VcE=10 V,I¢=3.0 mA 
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2$C1070(1),2SC1070(2) NEC tiectron pevice 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 


201 








Pt — Total Power Dissipation — mW 
ic — Collector Current — mA 
= 





l¢ — Collector Current — mA 


0 25 50 75 100 125 0 5 10 15 20 25 


| 
\ 
| | 
| 1 
| 
/ 
| 
| 
EE) | 
, 





Ta— Ambient Temperature —‘C VceE — Collector to Emitter Voltage — V 
0.1 ——— 
0.5 06 OF O8 O98 10 
Vee — Base to Emitter Voltage —V 
DC CURRENT GAIN vs. OUTPUT CAPACITANCE vs. GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE EMITTER CURRENT 





1.0 —_— me Setlie - + 


——+— e+ + beste 





hee — DC Current Gain 






. a ha ah tt 
,yarbad a | | 


‘i iT ! \ 

iil | | radia 
| Hy 1 ii Baal 
aaa Benn 










ft —Gain Bandwidth Product — MHz 





Cob— Output Capacitance — pF 





f 
| 
10 | PL 0.11 , — | . 
0102 05 1020 50 10 203050 0.102 051020 5010 20 50 





-l¢ — Collector Current — mA Vcop—Collector to Base Voltage —V le — Emitter Current — mA 


TYPICAL CHARACTERISTICS of “Y" PARAMETERS 





INPUT ADMITTANCE (Yip) FORWARD TRANSFER ADMITTANCE (Yep) REVERSE TRANSFER ADMITTANCE (y,,) 
vs. FREQUENCY vs. FREQUENCY vs. FREQUENCY 
uy 
Bip — Input Conductance — mS 100 €& 2rb — Reverse Transfer Conductance — m5 
| 
2 oF 20. 40 ~=—60S 80 ~—100_—sX120 @ -10-08 -06 -04 -02 0 

; g0 8 | | | Fe 
@ a | 
s zs -02 8 
= 60 ao 8 
a Hz a a 
s a A o 
a Bre|O & -04 8 
— | a 75) 
a. | D 
e 20 2 4 
) ¥ib=Efb +)bfb o z 

= 
2a — —0.6 bid 
Ss | as JO 62 
-100 -80 -60 -40 —-20 0 20 | 4 
2 o 
8th —Forward Transfer Conductance — mS a —0.8 3 
: Yrb=Brb+ ibrb | 
Vop=10V 4 
ay —-10 
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NEC trectron oevice 2$C1070(1),2SC1070(2) 








OUTPUT ADMITTANCE (Yop) NOISE FIGURE, POWER GAIN | cL 
vs, FREQUENCY vs. EMITTER CURRENT 900 MHz Gop & NF Test Circuit 
~T Vee=10V 
7 0~20 pF 
|; {=900 MHz INP | oN 
¢ ot a OUTPUT 
: 40 pF ©) (50 2) 
= 2 s 
Bo oa l 
ry | od aoe 
=| Eyal ao 
on : co Le 1 000 pF y 
2 a 8 
3 2 
| L 
g a 2 : 
a oS —VEE Vce=10V 
ait 25x 5x0.5 mm 
2.0 (Cu) 





Lob — Output Conductance — mS 
le — Emitter Current— mA 


TYPICAL CHARACTERISTICS of “S’ PARAMETERS 


IS21b! 





?— Frequency — MHz 


LSiap vs. FREQUENCY 
120 


100 
80l—, 


60 


/3$12b— deg. 


40 


20 


| Vep=10V 











: i __|. ee ] | j 0 =F : 
100 200 300 500 1000 ~~ 100 200 300 500 1000 100 200 = =6300 500 1000 
f — Frequency — MHz f — Frequency — MHz f — Frequency — MHz 
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iD) 


ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


2SC1279S) 


DESCRIPTION The 2SC12796) is designed for use high voltage switching ap- 
plication. | PACKAGE DIMENSIONS 


; | in millimeters (inches) 


| : 5.2 MAX. 
FEATURES ® High Breakdown Voltage BVcpo: 180 V "(0.204 MAX.) 


2 ie” 


ABSOLUTE MAXIMUM RATINGS 


lex 

zs 

Maximum Temperatures = w 

in 

i A 

Storage Temperature............ —55 to +125 °C Ss 
Junction Temperature .......... 125 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


= 
= = 
2s 
i 

uy 
“Ss 


Total Power Dissipation................290mW 

Maximum Voltages and Current (Ta = 25 “C) 
VeBo Collector to Base Voltage ........ 180 V i > 
VcEO Collector to Emitter Voltage...... 160 V < = 
Vepo Emitter to Base Voltage......... 5.0 V | 3 a 


le Collector Current . . — 50 mA 


o J L sd] * * 2 * iT & 2 Lt i 


1. EMITTER EIAJ ; $C-43B 
2. COLLECTOR JEDEC : TO-92 
3. BASE IEC > PA33 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL CHARACTERISTIC ; big : TEST CONDITIONS 
Gain Bandwidth Product Vce =10V, le=-10 mA 
Output Capacitance £ Vcp=10 V, le=0, f=1.0 MHz 


hFEY DC Current Gain ( : VcEe=3.0 V, lo =1.0 mA 
HEE? DC Current Gain 7 3 Vce=3.0 V, Ic=15 mA 


VCE (sat) Collector Saturation Voltage ; Ic=10 mA, |lp=1.0mA 
VBE (sat) Base Saturation Voltage Ic=10 mA, lp=z1.0 mA 
IcBo Collector Cutoff Current ; VcB=100 V, le=0 
lEBO Emitter Cutoff Current + Vep=5.0 V,Ic=0 


Classification of hres 





Test Conditions: Vee=3.0 V, lc=15 mA 


268 


NEC ELECTRON DEVICE | | | - 2SC1 2799 





TYPICAL CHARACTERISTICS (Ta=25 °C) 











COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. . COLLECTOR CURRENT vs 
BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
: . 10 
- 
E = < 8 
| : - 
= —_ 
_ _— 
E : 5 6 
= o 3 
5 = 2 
@ g 2 4 
8 3 : 
! im & = 
[s) | 
= 2 ines Pe Oa 
, remem et TN 
80 120 160 200 
VBE — Base to Emitter Voltage —V VcE — Collector to Emitter Voltage —V VCE —Collector to Emitter Voltage —V 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT . VOLTAGE vs. COLLECTOR CURRENT EMITTER CURRENT 
Seri eaaaiii | r" nT TMM preHio- ea P—F FT oe 
= og : p+ + Beesai 
j eg = + ttit 
2 5 11m on BOTT Ht 
& & = 3 iiiliese AT 4 iti 
. + a ‘ren 
= = oo. 
© Ss 
: e 2 ‘ ati ae et 
© =. y =a 
© so 8 oa T_] ee 
ra] sal = 
a @ ma 
| _— aa | 
ao s 
= 1 1 as oO 
ss | | | 
0.3 2 01 03 1 3 10 «630~—s«100 
I¢ — Collector Current — mA i¢ — Collector Current — mA ig — Emitter Current — mA 
INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 
ee ee | $=1.0 MH 
th oot Hee _ 
‘i lE=0 (Cob) 
T & Ic=0 (Cin) 
2 | 
© » 
= 2 
in] 
oO 8 
5 o 
a het 
é 8 
I 
6s 
Oo © 





Vcog — Collector to Base Voltage —V 
VER — Emitter to Base Voltage —V 
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NEC 


ELECTRON DEVICE 


NPN SILICON DARLINGTON TRANSISTOR 
2SC12809 


DESCRIPTION The 2SC12806) is a monolithic darlington transistor, designed 
for use high gain and high Input Impedance amplifier. PACKAGE DIMENSIONS 


in millimeters (inches) 








| 5.2 MAX. 
FEATURES ® High DC Current Gain hee : 20000 TYP. at 100 mA : (0.204 MAX.) 
ABSOLUTE MAXIMUM RATINGS FI 
Maximum Temperatures 1s 
Storage Temperature.........., .—-55 to +125 °C = 
Junction Temperature .......... 125 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


—, 
Fr - 
= 
rf 

uy 
=I 


Total Power Dissipation ..... ee eee 250 mW 

Maximum Voltages and Current (Ta = 25 °C) 
Vcro Collector to Base Voltage........ 15 V x 
VcEO Collector to Emitter Voltage...... 15 V =< 
VeBO Emitter to Base Voltage ......... 10 V “Ss 


Ic Collector Current ..4.¢¢6s.005. 300 mA 


1. EMITTER EIAJ : SC-436 
2. COLLECTOR JEDEC : TO-92 
3. BASE IEC : PASS 





ELECTRICAL CHARACTERISTICS (Ta = 25 ~C) 





SYMBOL CHARACTERISTIC MIN. MAX. TEST CONDITIONS 
fT Gain Bandwidth Product | iz Vce=10 V, le=-10 mA 
Cob Output Capacitance b. | Vcp=10 V, le=0, f=1.0 MHz 


NF Noise Figure VceE=5.0 V, I¢=3.0 MA, Rg=10 kQ, f=1.0 kHz 
heey DC Current Gain Vce=5.0 V, Ic =5.0 mA 


NFEQ DC Current Gain Vce=5.0 V, Ilc=100 mA 
VCE (sat) Collector Saturation Voltage 8 ; | I¢=200 mA, Ilp=0.5 mA 
VBE (sat) Base Saturation Voltage i : Ic=200 mA, |p=0.5 mA 
IcBO Collector Cutoff Current : Vcp=10 V, lp=0 
lEBO Emitter Cutoff Current Vep=5.0 V, ic=0 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


I¢ — Collector Current — mA 


hee — DC Current Gain — x 103 


NF — Noise Figure — dB 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





Z 
ais 


a = 
a ee ee 
3——Thh tt 


] 
0.4 0.8 12 1.6 2.0 2.4 


VBE — Base to Emitter Voltage —V 


DC CURRENT GAIN vs. 
eda mind CURRENT 


ee VoE=50V_ 
at 2st 


pee i re a 
CPA 
Sees at 
eS 
co 1 0 Ben 


1 
5 10 20 90 100 200 


I¢ — Collector Current —mA 


NOISE FIGURE vs. 
COLLECTOR CURRENT 


mail ASCH | 
HHS TH 
a aS 
NS 

UT TTT Se 





Sou 20 u 100 uw 300 u lm 3m 10m 


Ic — Collector Current — A 


NF — Noise Figure — dB 


lc — Collector Current — mA 


VCE(sat) — Collector Saturation Voltage —V 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 


Voce — Collector to Emitter Voltage —V 





COLLECTOR SATURATION VOLTAGE vs. 


COLLECTOR CURRENT 





pve yee i= 400" Ip 
| LL 
He 
1 i} 
a 
1.0 “TT as = I 
PT 










I¢ — Collector Current — mA 


NOISE FIGURE vs. SIGNAL 
SOURCE RESISTANCE 


Son 
PSII 20 
mat iam 
COCO 
SCS 
STE Sees 

Some) ATT 
CT 
CATT SSCS Sa 
eis, 


107 104 10° 





Wcen50 v 







F. 











Rg — Source Resistance — 2 





+ te 
PL 





08k ae = | 
ee Bass | | 
Pane: HE 
eal 
ri 
fal L 
5 10 20 50 100 200 500 


 ff—Gain Bandwidth Product — MHz 


2SC1280© 


COLLECTOR CURRENT v 
BOLLE On TO EMITTER VOLTAGE 


ic — Collector Current — mA 


VBE(sat) — Base Saturation Voltage —V 


Be “10 =20 


0.8 
5 10 38620 50 








15 a 4 
VCE — Collector to Emitter Voltage — Vv 


BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
18 a 









_ 
1.0} = 
ut ot ot 
111 


100 200 500 





I¢ — Collector Current — mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


=a 


eee 
Bp 


-50 -100 -200 —500 


le — Emitter Current —mA 
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2SC1 2809 | NEG ttectron vevice 





INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


rrr f=10MHz 
ooo 
=o eee 


lg =0 (Cob) 
i¢=0 (Cjp) 


Cib — Input Capacitance — pF 
Cob — Output, Papacitance — pF 





1 
0.5 l 2 9 


VcB — Collector to Base Voltage —V 
Veg — Emitter to Base Voltage —V 


2T2 






NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SC1280A\S) is a monolithic darlington transistor, designed 
for use high gain and high Input Impedance amplifier. 
FEATURES @ High DC Current Gain hee : SOOOO TYP. at 100 mA 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature............ —55 to +125 °C 


Junction Temperature ...... 
Maximum Power Dissipation (Ta = 25 °C) 

Total Power Dissipation 
Maximum Voltages and Current (Ta = 25 C} 


Vcso Collector to Base Voltage 

VcEO Collector to Emitter Voltage. . . 
VEBO Emitter to Base Voltage 5 a8 
le Collector Current ......... > 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 















+ * @ ae ff 2 *# © 8 © BB 8 2B BF © 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. 
it Gain Bandwidth Product 180 

Cob Output Capacitance 5.0 

NF Noise Figure 1.5 

hee DC Current Gain 12000 20000 

hee? DC Current Gain 12000 30000 

VCE (sat) Collector Saturation Voltage 0.76 1.0 
VBE (sat) Base Saturation Voltage 1.4 2.0 
IcBO Collector Cutoff Current 100 
lEBO Emitter Cutoff Current 100 


125 °C Maximum 


NPNSILICON DARLINGTON TRANSISTOR 


2SC1280AS) 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) | 


8 

JiZ#£ 

wu oy 

| 3 

=> 

=§ 

250 mW =s 

40 V 43 

30 V = = 

pe oo 

10 V “Ss 
300 mA 






MHz 
pF 
dB 


nA 
nA 


VeRg=8.0 V, Ic=0 


1. EMITTER EIAJ 
2. COLLECTOR JEDEC: 
3. BASE IEC 









TEST CONDITIONS 


Vce=10 V, le=-10 mA 
Vop=10 V, IE =0, f=1.0 MHz 
VceE=5.0 V, Ic =3.0 mA, RG=10 kf, f=1.0 kHz 
Vce=2.0 V, Ic=10 mA 
Vce=2.0 V, ic=i00 mA 
lc =100 mA, [p=0.1 mA 
lc =100 mA, Ip=0.1 mA 
Vcep=20 V, Ile=0 
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28C1280AS) 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


I¢ — Collector Current — mA 


hre — DC Current Gain — x 10° 


NF — Noise Figure — dB 


0 
10 u 


2r4 


S| a 
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COLLECTOR CURRENT vs. 


BASE TO EMITTER VOLTAGE 


———— eee 
— ee ee eee eee 


ry Hh 
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VBE — Base to Emitter Voltage —V 


DC CURRENT GAIN vs, 
COLLECTOR CURRENT 


I¢ —Collector Current — mA 


NOISE FIGURE vs. 


COLLECTOR CURRENT 





Li} Re | 
Hil f=1.0 kHz 


poet Nene aod 
MINOT 
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I¢ — Collector Current — 
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I¢ — Collector Current — mA 


COLLECTOR SATURATION VOLTAGE vs. 


COLLECTOR CURRENT v 
COLLECTOR TO EMITTER VOLTAGE 
200; 


160}-—+ 
120 
80;-— 


40 





0 04 O08 i20tié«ddnéSCt«sSO 


Voce. — Collector to Emitter Voltage —V 


Bee ECTOR ib inesiae 


VCE(sat) — Collector Saturation Voltage —V _ 


NF — Noise Figure — dB 








l¢ — Collector Current —mA 


NOISE FIGURE vs. SIGNAL. 
SOURCE RESISTANCE 


ui) Ngee TT 
ae ee TT CT 
CESS TINS 

CPS Set 


0 
10¢ 107 10° 10° 


Rg — Source Resistance — 2 


VBE(sat) — Base Saturation Voltage —V Ic — Collector Current — mA 


ff —Gain Bandwidth Product — MHz 


NV KE Cc ELECTRON DEVICE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


| Y a: a 
PF =250 mii 
aoa im = 





0 2 20 —_~ 50 
VceE — Collector to Emitter Voltage —V 


BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


Satcae 
an 
i 


AVAL 





Hip Nale we 


se 10 20 50 100 200 500 
I¢ — Collector Current — mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 





10 10-20. +50 —-100 —200 —500 


le — Emitter Current — mA 


NV: E Cc ELECTRON DEVICE 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


1 tl 

00 == eS ee a f=1.0 MHz 
lE=0(Cob) | 
Ic =0 (Cip) 






Cib — input Capacitance — pF 
Cob — Output Capacitance — pF 
o 


Veg — Collector to Base Voltage —V 
VeB — Emitter to Base Voltage —V 


2SC1280AS) 
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NPN SILICON TRANSISTORS 


2SC1393,25C1394 





NEC 


ELECTRON DEVICE 











DESCRIPTION The 2SC1393 and 2SC1394 are designed for use in VHF RF 
Amplifier (25C1393) and VHF Mixer (2SC1394) for TV Tuner. | PACKAGE DIMENSIONS 


in millimeters (inches) 


acre = ene egos 10 204MAN 
be NF=2.0dB TYP. G,.=24 dB TYP. (f=200 MHz) _—_ ——| 

® Forward AGC capability to 30 dB. —__—; 

@ Low feedback capacity. C,,=0.35 pF TYP. | 


5 BMAX, 
(0,216MAX,) 


ABSOLUTE MAXIMUM RATINGS 





z= na 
Maximum Temperatures 5 = 
: js WY 
Storage Temperature ..... ee ee —55 to +125 °C IN so 
Junction Temperature .......... +125 °C Maximum —t 
Maximum Power Dissipation (Ta=25 °C) | a 
Dotal Power Dissipation « ¢s4c.s0~ dane eae 250 mW Fe 
Maximum Voltages and Currents (Ta=25 °C) 2% 
Vepo Collector to Base Voltage .......... 30 6V ‘° = 
Vceo Collector to Emitter Voltage ......+.30 V 
Vepo Emitter to Base Voltage........... 5.0 V 
1, BASE EIAJ : SC-43B 
le Collector Current... 2-02.00 os ..20 mA 2. EMITTER JEDEC : TO-92 
lp Base Current ... aw uavneeee dd mA 3. COLLECTOR IEC 8: PASS 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 








25C13 3C1394 
| SYMBOL CHARACTERISTIC a ; TEST CONDITIONS 
TYP. MAX. MIN. TYP. MAX, 


DC Current Gain 100 180 40 100 180 Vce=10 V, Ic=?2.0 mA 
AGC Current =e “te me | cal reduction of 30 dB. 
Gain Bandwidth Product | : MHz Vce=10 V, le=-3.0 mA 
Feed-back Capacitance ; pF f=1.0 MHz, VcB=10 V, Ie=0 
Power Gain dB f=200 MHz, Ic=3.0 mA 

Noise Figure ; ‘ . dB f=200 MHz, I|c=3.0 mA 


Collector Cutoff Current ’ D. uA Vecp=20 V, le=0 





hFe Test Conditions : VceE=10 V, Ic=2,0 mA 
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NEC ttectron oevice 28C1393,2SC1394 





TYPICAL CHARACTERISTICS (Ta = 25 “C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
300 10 20 












mi 








25) ; 4 
=< & < 
= = E 
2 A | 
g = a 
o ta a 
‘7 15 * a 
= T 4 2 
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NOISE FIGURE vs. INPUT ADMITTANCE (yjg) vs. 
EMITTER CURRENT FREQUENCY 
f=200 MHz 
Voe=l0¥ 
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ELECTRON DEVICE 






NPN SILICON POWER TRANSISTOR 


25C1449 










DESCRIPTION The 2SC1449 is an NPN general purpose transistor designed 
for use in audio and radio frequency power amplifiers. 


4 


PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES @ Suitable for use in output stage of 3-watt audio amplifiers. + BBMAX. > BMAX. 
(0.334MAX.) (0.110MAX.) 
@ High current: Ic: 20A, !C(pulse): 3.0 A 43.2 +02 (90.126) | 









® The smallest package in 3 watt class power transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature .............. —55 to +150° C 
Junction Temperature ........... 150 °C Maximum 


*0.472MAX) 


Maximum Power Dissipation 


~ (0.512 MiN_) 


Total Power Dissipation (Tag=25°C)........... 1.0 W 
Total Power Dissipation (Te=25° C)......... ~. 10 W 
Maximum Voltages and Currents (Ta=25 °C) 
VCBO Collector to Base Voltage.......... 40 V 
VCEO Collector to Emitter Voltage ....... 35 V 
VEBO Emitter to Base Voltage ....... ees DOV 
Ic Collector Current (DC) ........... 2.0A 
IC(pulse)~ Collector Current (pulse) ..........3.0A 1. Emitter 






2. Collector connected to mounting plane 
3. Base 


*Pulse Test PW<350 us, Duty Cycle<2 % 


ELECTRICAL CHARACTERISTICS (T,=25 °C) 





SYMBOL CHARACTERISTIC MAX. : TEST CONDITIONS 

| . Dc Current Gain i 10 | ) 7 | | VcE=2.0 V, ic=300 mA* . 
Gain Bandwidth Product ais VceE=5.0 V, lc=100 mA 
Output Capacitance Vep=10 V, le=0, f=1 MHz 

ICBO Collector Cutoff Current Vcp=35 V,le=0 

lEBO Emitter Cutoff Current x | Vep=3.0 V, Ic=0 

VCE (sat) Collector Saturation Voltage : ic=500 mA, Ip=50 mA** 

VBE (sat) Base Saturation Voltage 0.9 Ic=500 mA, Ip=50 mA** 


**Pulse Test PW<350 us, Duty Cycle=2 %. 


Classification of hFE 
L. | 
80 to 160 120 to 250 | 


_ Test Conditions: VcEe=2.0 V, lc=300 mA 





2T9 












28SC1449 . | NEC ttectron DEVICE 


TYPICAL CHARACTERISTICS (Tz = 25 C) 





TOTAL POWER DISSIPATION vs, DERATING CURVE OF SAFE 
AMBIENT TEMPERATURE OPERATING AREAS 
Note: 

1. Aluminum heat sink of 8 | aT 

1.0 mm thickness. * | TT 

- 2. With no isulator film. = P YT TTT 
§ 3. Within silicon compound. | & | 
5 <4 5 
3 & 5 
a 2 5 
: i 3 
a Sh 2 
3 : i 
- - = 
1 rit - 

o | 2. Curves must be derated linearly 
E with increase of temperature 
and duty cycle. 
0 50 100 150 
Ta—<Ambient Temperature —“C Te—Gase Temperature —“G Vee —Collector to Emitter Voltage—-V 
DC CURRENT GAIN AND BASE TO 
COLLECTOR CURRENT vs. EMITTER VOLTAGE vs, COLLECTOR 
TRANSIENT THERMAL RESISTANCE COLLECTOR TO EMITTER VOLTAGE CURRENT 
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1 3 10 30 100 «= 300—Ss«é000 0 10 20 0.1 
PW—Pulse Width—ms Vce—Collector to Emitter Voitage—V lc —Collector Current —A 


BASE AND COLLECTOR SATURATION GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs, 
VOLTAGE vs, COLLECTOR CURRENT COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 


ee lo = 10°lp 








i Rae 
Fa Vc lit 1 

HH {Ee — Ce (sat) 
. mati 


Vice (sar) —Colkector Saturation Voltage —V 
fy—Gain Bandwidth Product —MHz 
C,—Output Capacitance —pF 


Vee (sat) —Base Saturation Voltage-—V 





0.007 0.003 001 003 OF 03 1 £3 10 001 003 O81 03 1 32 10 | 10 
le —CGollector Gurrent—A lc —Collector Current —A. Voa—Collector to Base Voltage —V 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 





The 2SC1674 is designed for use in FM RF amplifier and 


local oscillator of FM tuner. 


se 


® High gain bandwidth product (f+ =600 MHz TYP.) 
@ Small output capacitance (Cg, = 1.0 pF TYP.) 





NPN SILICON TRANSISTOR 


® Low noise figure (NF =3.0 dB TYP. @100 MHz) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature. ...... 
Junction Temperature ..... 


Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation. ........... 
Maximum Voltages and Currents (Ta=25 °C) 
VcBo Collector to Base Voltage 


VcEO Collector to Emitter Voltage 


VEBO Emitter to Base Voltage 
Ic Collector Current....... Sa aed 


—55 to +125 °C 
+125 °C Maximum 


IB Base Current ......... ae 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


-———— 
SYMBOL 


hFE 
Cob 
NF 


Ce:rb’b 
ICBO 
lEBO 
VBE 

VCE (sat) 





—_— 


CHARACTERISTIC MIN. TYP. 





ne 


DC Current Gain 40 90 
Output Capacitance 1.0 
Noise Figure 3.0 
Gain Bandwidth Product 400 600 
Power Gain 18 22 
Collector to Base Time Constant 12 


Collector Cutoff Current 

Emitter Cutoff Current 

Base to Emitter Voltage 0.72 
Collector Saturation Voltage 0.1 


Classification of hfe 


Rt 


ee 
: - 





| Range 





oe rr fe ——— 


40 — 80 60-120 | 90-180 | 


t i 
eo pe ee 


hee Test Conditions : Vce=6.0 V, Ic = 1.0 mA 


MAX. 


180 
1.3 


9.0 


15 
100 
100 


0.3 


UNIT 


pF 
dB 
MHz 
dB 

ps 


nA 
nA, 





2SC1674 





PACKAGE DIMENSIONS 
in millimeters (inches) 
52 MAX. 




















250 mW 

., 30 ¥Y 

20 V 
.. 40 V 1.EMITTER EIAJ : $C-43B 
. 20 mA 2,COLLECTOR JEDEC: TO-92 
3.BASE IEC : PA33 

20 mA 

TEST CONDITIONS 


Vce =6.0 V, Ic =1.0 mA 
Vcp =6.0 V, le =0, f=1.0 MHz 


Vce=6.0 V, le=—1.0 mA, Rg =50 2, f=100 MHz 
See test circuit 


Vce=6.0 V, le=—-1.0mA 


VceE=6.0 V, le=—-1.0 mA, Rg=50 2, f= 100 MHz 
See test circuit | 


Voce =6.0 V, le =—1.0 mA, f=31.9 MHz 
Vcp=30 V, le=0 
VeR=3.0 V, Ic=0 | 








Vce=6.0 V, Ic¢=1.0 mA | 
Ic=10 mA, Ig=1.0 mA 
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 










Py —Total Power Dissipation —mW 


o 2 50 475 100 125 
Ta—Ambient Temperature—"C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


thar a 





hee ~DC Current Gain 


0102 05 1 2 ) 
I¢ Collector Current—mA 





BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


i ee rd Bak 


-Base Saturation Voltage—V 


an 


0.02 J++ eh te tt 
] meen ) | 





BE (sat) 
Veet —Collackor Saturation Voltage —V 


0102 05 1 2 5 10 20 


V 


le- Collector Current— mA 


282 


Cop Output Capacitance — pF 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Ic ~Collector Current —mA 





0 2 4 6 8 10 12 14 16 18 20 
Vee —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. COLLECTOR 
TO EMITTER VOLTAGE 






500 
—$$—_}—__|—_} 4 ft 
ee ee ee! ee ee = 


200 +- 


100 jj 


Si ee 


hee —DC Current Gain 


r 2 5 10 2 50 
Veg — Collector to Emitter Voltage—V 


INPUT CAPACITANCE vs. EMITTER TO 
BASE VOLTAGE, OUTPUT CAPACITANCE 
vs. COLLECTOR TO BASE VOLTAGE 


‘Input Capacitance — pF 


Cib 






0.11 JU 

01.02 05 1 2 #5 1 20 50 
Veg —Collector to Base Voltage—V 
Veg—Emitter to Base Voltage—V 


NEC trectron oevice 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 









= > mmf 
So 


lc ~ Collector Current 
Ih 






0 02 O04 O06 o8 10 12 
Vee —Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 






ae 


MHz 


fy —Gain Bandwidth Product - 






100 | | |i it Hie Baul 
-01-02 -05-1-2 -5-10-20 -50-100 
Ip —Emitter Current—mA 


COLLECTOR TO BASE TIME CONSTANT 
vs. EMITTER CURRENT 


100 


~— ps 











+ Vog=60 ¥ | 
f=31.9 MHz 


a es 1s) ee 
, 1 






-01 -03.-1- -3 10-20 
le —Emitter Current—mA 


Co*'b'h ~Collector to Base Time Constant 
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INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 














ae 


| 
J 


output short 






Susceptance — mS 


Zie —!nput Conductance ~~ mS 
ie — Input 


b 


0102 05 1 2 4245 10 20 
le —Collector Current—mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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Toe 100 MHz—-++-+ input s 


cot 


[Boe 7 
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in 


oS 
ho 


—Qutput Conductance mS 
—QOutput Susceptance — mS 
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ra 
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0102 05 1 2 5 10 20 
le —Collector Current—mA 


FORWARD TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 





Bf —Forward Transfer Conductance —mS 
by) —Forward Transfer Susceptance—m5S 


02 05 1 2 § 
Ic —Collector Current—mA 


REVERSE TRANSFER ADMITTANCE 


o o 
iw ho 


o 
b 





wer ol 02 05 1 2 +45 10 


In —Collector Current— mA 


INPUT ADMITTANCE vs. COLLECTOR 
CURRENT 









Hi Veg =6.0 Vv 
Ab output short 


Call 





—Input Conductance —mS 
Input Susceptance — mS 


Bib 
bib — 






| | | thi 


O02 05 1 2 =) 





10 20 
lc - Collector Current—mA 


INPUT ADMITTANCE vs. FREQUENCY 


—I|nput Conductance —mS 
Input Susceptance — mS 


Tu TTT 
10 =—20 50 6100 200 
f— Frequency —MHz 





2SC1674 





FORWARD TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 


Ee Vor =6.0 ¥ 
500 |-— ae : LIT! output short 


woes ou“ 


200 . tttittigg MHz tet Foe i 
peeipeis = 100 MHZ.) 


Forward Transfer Conductance — mS 





bfa—Forward Transfer Susceptance —mS 


02 051 2 + 5 10 20 


Bfe~ 


l¢ Collector Current—mA 


REVERSE TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 





Erb Reverse Transfer Conductance —m5 
brh Reverse Transfer Susceptance —mS 


02 05 1 2 5 10 
Ic —Collector Current —mA 


REVERSE TRANSFER ADMITTANCE 
vs. FREQUENCY 






Voge =6.0 
lc=1LO mA 
input short 


- | 
—— 

=6 == . if 
fF = 

- 









a 
a ee 
Soe 5 cers 


= 







fre Reverse Transfer Conductance — mS 
-Reverse Transfer Susceptance — m5 


b 





50 100 200 
*— Frequency —MHz 
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2SC1674 


FORWARD TRANSFER ADMITTANCE 
vs. FREQUENCY 











10 20 50 100 200 
t— Frequency —MHz 


&fe—Forward Transfer Conductance—mS 
bg.-- Forward Transfer Susceptance — mS 


INPUT 
50 Q 


0.01 4 
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— Output Conductance — mS 
—Quitput Susceptance— mS 


OUTPUT ADMITTANCE 
vs. FREQUENCY 





10 20 50 100 200 


f— Frequency —MHz 


100 MHz Gpe, NF TEST CIRCUIT 


+Vcc 





Gpe — Power Gain—dB 


4 pF 








NEC ELECTRON DEVICE 


POWER GAIN, NOISE FIGURE 
vs. EMITTER CURRENT 


-01 -03 -1 -3 ~—10 
le — Emitter Current— mA 


OUTPUT 
50 Q 





NF —Noise Figure —dB 


NEC / NPN SILICON TRANSISTOR | 
ELECTRON DEVICE 2 S Cc 1 6 7 5 








DESCRIPTION The 2SC1675 is designed for use in AM converter, AM/FM 


P, E DIMENSION 
IF amplifier and local oscillator of AM/FM tuner. ACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 






. 







FEATURES @ Small output capacitance (C,,, =1.9 pF TYP.) 
® Low noise figure (NF =2.0 dB TYP. @1.0 MHz) 


= 


5.5 MAX. 
(0.216 MAX.) 






ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures. 

















Storage Temperature. .........-—55 to +125 °C = 
Junction Temperature ........ +125 °C Maximum 3 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation ............ 250 mW 
Maximum Voltages and Currents (Ta=25 °C) > 
Vcpo Collector to Base Voltage ....... 50 V = 
Vceo Collector to Emitter Voltage .....30 V = 
Vespo Emitter to Base Voltage ........ 5.0 V 
4, EMITTER EIAJ : SC-43B 
Ic Collector Current. ...... o...,. 3O MA 9.COLLECTOR JEDEC: TO-92 
lB Base Current ..............30 mA abate IES. Pees 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
















SYMBOL CHARACTERISTIC MIN. TYP. MAX. TEST CONDITIONS 
hee DC Current Gain 40 90 180 — Vce=6.0 V, Ilc=1.0 mA 
Cob Output Capacitance 1.9 un pF Vcex_=6.0 V, le=0, f=1.0 MHz 
NF Noise Figure 2.0 4.0 dB VcE=6.0V, IE=—1.0mA, RG=500 2, f=1.0 MHz | 
fT Gain Bandwidth Product 150 250 MHz VcE=6.0 V, IlE=—1.0 mA 
Ce-Th'b Collector to Base Time Constant 10 15 ps Voce =6.0 V, le =—10 mA, f=31.9 MHz 
ICBO Collector Cutoff Current 100 nA Vcp=50 V, le =0 
lEBO Emitter Cutoff Current 100 nA VeBg=5.0 V,Ic=0 
VBE Base to Emitter Voltage 0.65 0.70 0.75 Vv Vce=6.0 V, Ic =1.0 mA 





VCE (sat) Collector Saturation Voltage 0.08 0.30 V ic=10 mA, Ip=1.0 mA 





Classification of her 





hee Test Conditions : VcgE =6.0 V, Ic =1.0 mA 
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P+—Total Power Dissipation —mW 


VCE(sat)— Collector Saturation, Voltage—V 


2SC1675 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


pee ee ea 
Ep tt | 





0 25 50 100 125 
Ta — Ambient pe ee "C 


Dc CURRENT GAIN vs. 
COLLECTOR CURRENT 


Sitti Voge =6.0 V | | 


sti ati et 


hee —DC Current Gain 





01 02 05 1 2 5 10 24 
Ic —Collector Current—mA 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





a ee i et 
ee 
—— i 


—Base Saturation Voltage—V 


= 01°02 05 1 2 5 10 20 50 
Ic — Collector Current—mA 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


10 
LAS 
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lc — Collector Current—mA 
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Ic -- Collettor Current— mA 


aD 





0 2 4 6 8 10 12 14 16 18 20 
Veep —Collector to Emitter Voltage—V 


Dc CURRENT GAIN vs. 
COLLECTOR TO EMITTER VOLTAGE 


hee —DC Current Gain 





l 2 5 10 20 50) 
Voge —Collector to Emitter Voltage—V 


INPUT CAPACITANCE vs. EMITTER TO 
BASE VOLTAGE, OUTPUT CAPACITANCE 
vs. COLLECTOR TO BASE VOLTAGE 





| ! 


fa aaa 
0102 051 2 5 1020 50 


VcB- Collector to Base Voltage—V 
.VeB- Emitter to Base Voltage—V 






0.5 





Cob Output Capacitance —pF 
Cip — Input Capacitance — pF 





fy; —Gain Bandwidth Product—MHz 
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COLLECTOR CURRENT vs. 
BASE TOEMITTER VOLTAGE 





0.1 
0 02 O04 06 O8 10 12 
Vee —Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


Popper ith fp INS 
Bog 
a 





-0.1-02 -05 -1 -2 -5-10-20 -—50-100 
le —Emitter Current— mA 


COLLECTOR TO BASE TIME CONSTANT 


VS. 


ps 


a“ —Collector to Base Time Constant — 


EMITTER CURRENT 





—0.1 -03 -l —-3 -10 -30 
le— Emitter Current— mA 


NEC trectron oevice 2SC1 6 75 





INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


REVERSE TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 


FORWARD TRANSFER ADMITTANCE 
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OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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INPUT ADMITTANCE 

vs. COLLECTOR CURRENT 
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FORWARD TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 
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Brp ~ Reverse Transfer Conductance —mS 
brh ~ Reverse Transfer Susceptance — mS 
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NPN SILICON TRANSISTOR 


2SC1730 


EK 


ELECTRON DEVICE 








DESCRIPTION The 28C1730 is an NPN silicon epitaxial transistor intended 


for use as VHF and UHF oscillators and a VHF mixer ina PACKAGE DIMENSIONS 


in millimeters (inches) 


tuner of a TV receiver. 
The device features stable oscillation and small frequency 5 OMAK. 
(6. 204M AX.) 


_ 


drift against any change of the supply voltage and the 


ambient temperature, - 


5 SMAX., 
(0,216MAX,} 


FEATURES @ High Gain Bandwidth Product; 
f>=1 100 MHz TYP. 
@ Low Collector to Base Time Constant; 
Colp'p=10 ps TYP. 


a 


| a 
| = 
P= 
i 
CW 
= 


@ Low Output Capacitance; 
Cop=1.5 pF MAX. 


1.77MAX, 
“110. O69MAX.] 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 





Storage Temperature............ —55 to +125 °C 

Junction Temperature ......... +125 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) BOLL ESTO 

Total Power Dissipation.............. 290 mW aa 
Maximum Voltages and Currents (Ta=25 °C} 

Vcpo Collector to Base Voltage........ 30 V 

Veco Collector to Emitter Voltage...... 16 V 

Vepo Emitter to Base Voltage......... 5.0 V 

lc Collector Current ..........005 50 mA 

ip Base Current... ce eee es 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 











SYMBOL CHARACTERISTIC MIN. TYP. WAX, UNIT TEST CONDITIONS 
hFe DC Current Gain 60 120: 180 Vce=10 V, Ic=5.0 mA 
iT Gain Bandwidth Product 800 1 100 MHz Vce=10 V, lp=—5.0 mA 
‘Cob Output Capacitance 1.5 pF Vcpe=10 V, le=0, f=1.0 MHz 
; esi . Vce=10 V, le=—5.0 mA 
CeTb’b Collector to Base Time Constant 10 15 ps f=31.9 MHz 
IcBo Collector Cutoff Current 0.1 uA ‘Vcp=12 V, le=0 
0.5 V Ic=10 mA, Ig=1.0 mA 


VCE (sat) Collector Saturation Voltage 


Classification of here 





K 


a as 


60-120 | 90—180 


hee Test Conditions: Vce = 10 V, lc = 5.0 mA 
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NEC crectron vevice 2SC1730 





TYPICAL CHARACTERISTICS (Ta=25 °C) 















































TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
300 
Free Air 
= 20 
£ 250 
: r= 
< | 
200 = =< 10 
S o E : 
- = | 
— od 
5 150 ° 5 sol 
ra s 5 
S 100 E i 
o * S 5 
we ce 
~ 1 a i 
eS L 2 20 
| oO 
_ | 1 
a = 1.0 
0 25 50 75 100 i25 : 
¥Vce—Collector to Emitter Voltage—¥ 
Ta—Ambient Temperature—“C eS = ast 
“oO O02 O04 O06 O8 10 12 
Vee —Base to Emitter Voltage--V 
DC CURRENT GAIN vs. OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
i" 
s 
se) 
o 5 
¢ ; 
2 ~ 
= S 
oO ¢ 
oO © 
‘ 3 
J 5 
é 
£ 
| o 
| rs) 
0102 051.0 20 56 10 20 50 0 0.5 1.0 2.03.0 5.0 10 20 =3C0 
Ic ~ Collector Current— mA VcR—Collector to Base Voltage—V 
GAIN BANDWIDTH PRODUCT INPUT ADMITTANCE (yjp) 
vs. EMITTER CURRENT vs. FREQUENCY 
VCE=10 V Zib—!nput Conductance— mS 
: EE eee ee ee ee 0 20 40 60 80 100 
it | | Yib=€ib Tidjb 
5 a |  Veg=10 V 
a) EE —20 4 ee 
4 ! -_ . 
Oo. @ 
= ro 
= 4 -« 
= @ ) 
iam oa 
co w 60 
£ “ 
a a. — 
aa £= 
| , | l 
_ =i 0.2 -05 -10 -2.0 -50 -10 —20 = 


le —Emitter Current—mA 
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28SC1730 | _ | NEC ctectron vevice 


FORWARD TRANSFER ADMITTANCE (y¢p,) REVERSE TRANSFER ADMITTANCE (y,p) OUTPUT ADMITTANCE (y gp) 
vs. FREQUENCY vs. FREQUENCY . vs. FREQUENCY 


Rrpb—Reverse Transfer Conductance—mS 
—1.0 —0.8 —0.6 -0.4 —0.2 0 
%*b=2rb + jbrh . oor oe 

Vegp= 10 V 


| ig=15 mal 10) 


beb— Output Susceptance—ms 


| 
ee ES eee ce See 





br Reverse Transfer Susceptance — m5 





bib — Forward Transfer Susceptance —mS 


Ef —Forward Transfer Conductance —mS 





Zob— Output Conductance —m&S 
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ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


2SC1840 





DESCRIPTION The 25C1840 is designed for use in AF amplifier, driver and Jow 
speed switching. PACKAGE DIMENSIONS 


in millimeters (inches) 







FEATURES @ High hee hee : 400 TYP. (Vcg =6.0 V, Ic = 1.0 mA). Pee 


ABSOLUTE MAXIMUM RATINGS ~ 





lai > 
Maximum Temperatures . E: = 
Storage Temperature ............. -55to+125°C | bas 
Junction Temperature .......... +125 °C Maximum | = 
Maximum Power Dissipation (Ta=25 ~C) ‘gz 
Total Power Dissipation ..... See ee ee. ~~ 500 mW | aig 

| | 


Maximum Voltages and Currents (Ta=25 °C) 


Sh 
. in 
) ee 
t | ————— = — 
1.77 MAX 
(0.069 MAX.) 
] 
| 





VcBO Collector to Base Voltage ...... “12224 V 
VcEeo Collector to Emitter Voltage ........ .35 V 
Vepo Emitter to Base Voltage .........-, 5.0 V 
Ic Collector Current ........ nee 8m 
IB Bese Curren: ina eS ee ek te ee eR es 20 mA A eee ee 


2. COLLECTOR JEDEC: 
3. BASE ECC: 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 













SYMBOL CHARACTERISTIC MIN. YP, MAX. UNIT TEST CONDITIONS 





| 

| 
heey DC Current Gain 150 370 - Vee =6.0 V, lc =0.1 mA | 
hFEQ DC Current Gain 200 400 800 _ Vce =6.0 V, [c=1.0 mA 
fy Gain Bandwidth Product 50 700 MHz Vee =6.0 V, Ip=—-1.0mMA | 
‘Cob Output Capacitance 8.0 pF Vcp=10 V, le =0, f=1.0 MHz | 
IcBoO Collector Cutoff Current 00 nA Vcp =40 V, le =0 | 
leEBO Emitter Cutoff Current 50 nA Veg =5.0 V, Ic=0 
VBE Base to Emitter Voltage 0.55 0.59 0.65 V Vce =6.0 V, Ic =1.0 mA 
VCE(sat] Collector Saturation Voltage 0.13 0.30 V I¢=100 mA, Ig=10 mA 
VBE(sat) Base Saturation Voltage 0.84 1.00 V Ic =100 mA, Ip=10 mA | 


Classification of hres 
ee ee ee nina a 
| Rank | P | F E 


| Range | 200 — 400 "300 ~600 400-800 | 


hee Test Conditions : Voce =6.0 V, Ic =1.0 mA 
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VBE(sat) —8ase Saturation Voltage V 


P7—Total Power Dissipation— mW 


ie at) Collector Saturation Voltage—V 


25C1840 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 


AMBIENT TEMPERATURE 





25 50 75) «100 
Ta—Ambient Temperature— “°C 


DC CURRENT GAIN, 
COLLECTOR AND BASE SATURATION 


125 150 


VOLTAGE vs. COLLECTOR CURRENT 






mui at Ail sas 


1 
Va ( sate ———— 
| — auar 
Ste 
o2L | LT i 
- aii avi ‘& 
28 es ass 8 51 ee a fer 2ne0 
0.05 = 
=z 
0.02 | | VCE sat) ‘on 
nel EL 10 
0.10.2 0.5 2 5 10 20 50100 


292 


Ic —Coilector Current— mA 


hee DC Current Gain 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


l¢— Collector Current— mA 





Vce— Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


fr—Gain Bandwidth Product—MHz 





Oi 02 -05 -1 -2 -§-10-20 —50 -100 


le— Emitter Current— mA 


Ni KE Cc ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


FA vce =6.0 V 






Pulsed 
——— 


——- 





0, = sS=— sa 
2 ee ee r | {| | | | {| | TY 







lc — Collector Current— mA 


of COE 


0.20.3 04 0.5 0.6 0.7 0.8 0.9 1.¢ 
Veae—Base to Emitter Voltage—V 









OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
a SAE BA A Co (PP 


ee 
FE t=1.0 Mie 


50 Sere ee 
0 ll 





citance— pF 
i] 
= 


Cob Output Capa 


1 2 5 10 20 50 6100 
Vcop~ Collector to Base Voltage—V 
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ELECTRON DEVICE 


DESCRIPTION 


low speed switching. 


a 


FEATURES ®@ High Voltage Vcoe9 : 120 V 


® High hee hee 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature 


Junction Temperature 


Maximum Power Dissipation (Ta= 


Total Power Dissipation 


Maximum Voltages and Currents (Ta=25 °C) 


e cy . 


The 2SC 1841 is designed for use in AF amplifier, driver and - 


: 600 TYP. (VcE =6.0 V, lc = 1.0 mA) 


25 °C) 


‘* © © © @ 8 © 8 © 8 HF B & 


VcBo Collector to Base Voltage 


VCEO Collector to Emitter Voltage 
VEBO Emitter to Base Voltage 


Ic Collector Current 


Ip Base Current 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


| SYMBOL 


MIN. 





| CHARACTERISTIC 
heey DC Current Gain 150 
hee? DC Current Gain 200 
ir Gain Bandwidth Product 50 
Cob Output Capacitance 
IcBoO Collector Cutoff Current 
lEBO Emitter Cutoff Current 
VBE Base to Emitter Voltage 550 
VBE (sat) Base Saturation Voltage 


Collector Saturation Voltage 


V 
| CE\sat) 





Classification of hres 





rT . . a ti * iT .— ££ & © 8B 8 & 8 


ne 


TYP. 


580 
600 
110 


1.6 


hee Test Conditions : Vcg =6.0 V, lc =1.0 mA 


* # 






NPN SILICON TRANSISTOR 


25C1841 


PACKAGE DIMENSIONS 
in millimeters (inches) 


5.2 MAA. 
(0.204 MAX.) 
Me 


} 
i 























<< 
= 
ee 
: | 
S 
=55 to +125 °C i 
= 
. +125 °C Maximum = 
500 mW 
eek ee 120 V = 
my 
ee eer 120 V . ss 
= : S 
: ‘ * ct # . 5.0 V 
Ste RN i A Hes oe Be 50 mA | 
1. EMITTER EIAJ : SC-438 | 
10 mA | 2, COLLECTOR JEDEC: To-92 | 
3. BASE IEC : PA33 | 
| een) 
MAX. UNIT TEST CONDITIONS | 
Vce =6.0 V, Ic =0.1 mA 
1200 Voce =6.0 V, Ic =1.0 mA 
MHz Vee =6.0 V, le =-1.0mA 
2.5 pF Veg =30 V, lp =0, f= 1.0 MHz 
50 nA Vcp=120 V, lp =0 | 
50 nA VeRp=5.0 V, Ic=0 | 
650 mV Vee =6.0 V, lc =1.0 mA | 
1.0 V Ic =10 mA, Ip =1.0 mA | 
300 mV Ic =10 mA, Ilp=1.0 mA | 
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VBE (sat) Base Saturation Voltage —V 


2SC1841 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


COLLECTOR CURRENT vs. 


TOTAL POWER DISSIPATION 
COLLECTOR TO EMITTER VOLTAGE 


AMBIENT TEMPERATURE 


V5. 
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S c= 
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E aS) 
fe 
O 25 50 75. #100 125 «2150 = | , 
20 40 60 80 
Ta— Ambient Temperature —“C Vce—Collector to Emitter Voltage V 
DC CURRENT GAIN, OUTPUT CAPACITANCE’ vs. 
COLLECTOR AND BASE SATURATION COLLECTOR TO BASE VOLTAGE 
VOLTAGE vs. COLLECTOR CURRENT 
= 10 -— — 1 a —— _—— 
Ic = 10+lp 
> VCE=6.0 V 
= Li 
= 7 = 
2 a 
2 = % 
ny = ra 
on 5 > 
_ (*} qa 
2 a 
g 8 2 
& uw (O 
Li 
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~~ o 
Hs i 
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ic aa ae mA 
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100 





Yop Collector to Base Voltage V 


NE Cc ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


Pulsed TT r— 


Collector Current— mA 


a 





Ol 
0203 04 05 06 O07 08 09 1. 


Vpep—Base to Emitter Voltage —v 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


Gain Bandwidth Product— MHz 


fr 





—§0 —-10C 


-10 —20 


“01 02 -05 -I 


le - Emitter Current— mA 





NPN SILICON TRANSISTOR 


2SC1842 








iD) 


ELECTRON DEVICE 








DESCRIPTION The 2SC1842 is designed for use in an AF amplifier and general 









! 


f=10 Hz to 1.0 kHz / 


purpose. PACKAGE DIMENSIONS 
; in millimeters (inches) 
FEATURES & High ae hee : 600 TYP. (Vce =6.0 V, Ic= 1.0 mA) ; | eae 
@ Low Noise Voltage. NV : 30 mV TYP/ Vee =6.0 V, Io =1.0 _ rn cs 
oe Rg =100 k, G,=80 dB, 


5 5SMAX 
(O.216MA% .) 


ABSOLUTE MAXIMUM RATINGS 






Maximum Temperatures 









Storage Temperature ............ -5§5 to +125 °C - 35 
Junction Temperature .......... +125 °C Maximum ig i 
Maximum Power Dissipation (Ta=25 °C) pap val ae ae 
Total Power Dissipation .......... ~ 2... 250 mw Recs | ! vot. 
Maximum Voltages and Currents (Ta=25 “C) — 35 
Vcepo Collector to Base Voltage ........... 40 Vv WG 
Vceo Collector to Emitter Voltage ......... 35 V 1. EMITTER FIAJ : SC-43B| 
Vego Emitter to Base Voltage ........... 5.0 V : es otal ar | a. | 
ie Collector Current .............. 100 mA 
Ip Base Current ..........0.02.080004 20 mA — : 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 








SYMBOL CHARACTERISTIC MIN. YF; MAX. UNIT TEST CONDITIONS 

heey DC Current Gain 150 580 — Vee 76.0 V, Ic=0.1 mA | 

hFeo DC Current Gain 200 600 1200 om Vce=6.0 V, Ie =1.0mMmA 

fr Gain Bandwidth Product 150 250 MHz Voce =6.0 V, ip = —10mA 

Cob Output Capacitance 3.0 4.0 pF Veg =6.0 V, le =0, f= 1.0 MHz 

NV Noise Voltage 30 50 mV Vee =5.0 V, lc =1.0 mA, Rg =100 kQ, 
G, = 80 dB, f= 10 Hz to 1.0 kHz 

IcBO Collector Cutoff Current 100 nA Vee = 40 V, le =0 

lEBO Emitter Cutoff Current 100 nA Vep=9.0 V, Ic=0 

VBE(sat] Base Saturation Voltage 0.86 1.0 V Ic = 100 mA, ig=10 mA 

VCE {sat} Collector Saturation Voltage 0.15 0.3 V Ic = 100 mA, Ip=10 mA 

VBE Base to Emitter Voltage 0.55 0.60 0.65 V Vee =6.0 V, lc=1.0 mA 


Classification of hres 


| Rank P F E U 


i 
=i — ————— ——— ee | 


a Range 200-400 300-600 400-800 600 — 1200 


— ——t ee ee ee 


hee Test Conditions : VCE =6.0 V,.1¢=1.0 mA 
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2SC1842 NEC ttectron oevice 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE CURRENT vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 


100 
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NEC ELECTRON DEVICE 


INPUT AND OUTPUT CAPACITANCE 


SMALL SIGNAL CURRENT GAIN vs. 
vs. REVERSE VOLTAGE 


DC CURRENT GAIN 








50 
| | 
& wer ; 
ia -— 
g 2 i =et S223 So at | E 
26. vio 3 
a 5_— a 
ied ae tis a 
ge = ie & 
FS: ania Ul alll 
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eS LE aT ttt | pe a Pe Tre a 
Lo ee SSS ri 
OU O.5 — | TT =e : 
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G.1 of: ie 
0.1 O.2 0.5 i‘ e : 10 «20 50 100 o- 200 400 B00 BOO 1000 
Vi. ollector to Base Voltage V 
Ven—Emittar to Base Voltage—V hr DG Current Gain 
gg h-PARAMETERS NORMALIZED h-PARAMETERS 
. COLLECTOR CURRENT vs. COLLECTOR TO EMITTER VOLTAGE 
= 3 
eee eee 
2a 1.0 kHz 
vw re 
. 3 he(Vee) 
z g vate (Vee E=6 ov 
: ~ @ 
a cL 
= = 
a 1 
pa] oh 
iN 2 
a Gg + 
= o 
z = Lhe _! 
? £ 
P| letetettoled o 
1 0.2 0, 5 1 
! . : . ¥e~u—Collector to Emitter Voltage—\ 
Collector Current—mA 
NOISE VOLTAGE TEST CIRCUIT 
+15 V 







+ 
470 uF 


f=10 Hz to 1.0 kHz 
Re=100 kis | 


1.0 mA 


FLAT 


=15 V 


Vee =5 V, le=10 mA, Ro=100 k2, Gv=80 dB, FLAT (f= 





2SC1842 





INPUT IMPEDANCE, VOLTAGE FEEDBACK 
RATIO AND OUTPUT ADMITTANCE vs. 


SMALL SIGNAL CURRENT GAIN 


100- 50 50-— 


iu sil 
oa L*) 


PQ 
om 


Output Admittance—.S 


f 


‘h.-—Input Impedance—ki! | 


Roe 
h,.- Voltage Feedback Ratio X14 





200 400 600 800 
hy-—Small Signal Current Gair 


1000 
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EK 


ELECTRON DEVICE 





NPN SILICON TRANSISTOR 


25C1843 





DESCRIPTION The 2SC1843 is designed for use in an AF amplifier of low level low — 
noise and general purpose. PACKAGE DIMENSIONS 
~ in millimeters (inches) 
(0. 204MAX.} 





‘=. @ Low Noise Voltage. NV : 30 mV TYP. [Noe 5.0 V, lc =1.0 mA, \ 


\ f= 10 Hz to 1.0 kHz / 


| Rg = 100 k&, G,=80 4B, | 














xe 
ABSOLUTE MAXIMUM RATINGS 33 
Maximum Temperatures oe S 
Storage Temperature .............. —55 to +125 °C aad z5 
Junction Temperature, .......... +125 “C Maximum 3 = 
Maximum Power Dissipation (Ta= 25 °C) 25 <3 _ 
Total Power Dissipation. .........00048. 250 mW mes ee 
Maximum Voltages and Currents (Ta=25 °C) —— \ 1. tee 
Vepo Collector to Base Voltage... .....0..... 60 V : & 
Vceo Collector to Emitter Voltage......2..... 50 V ive fs 
Vepo Emitter to Base Voltage......... sees. 5.0 V 
1. EMITTER EIAJ : SC-43B 
le Collector Gurent . .u<¢ even de dca ess 100 mA 2. COLLECTOR JEDEC : TO-92 
3. BASE IEC =: PA33 
Ip Base CUMENT 4 « Ge ce 6 4 Rw ew we eo 20 mA | — | 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC MIN TOF: MAX. UNIT TEST CONDITIONS 
hEEY DC Current Gain 150 370 ~ Voce = 6.0 V, Ic =0.1 mA 
heea DC Current Gain 200 400 800 7 Voce =6.0 V, lc =1.0 mA 
ft Gain Bandwidth Product 150 250 MHz Vee =6.0 V, Ip=—-10mMmA 
Cob Output Capacitance 3.0 4.0 pF Vcp=6.0 V, Ie =0, f= 1.0 MHz 
NV Noise Voltage 30 40 mV Vee = 5.0 V, 1c =1.0 mA, Rg = 100 kQ, 
Gy = 80 dB, f= 10 Hz to 1.0 kHz 
ICBO Collector Cutoff Current 100 nA Vcp=60 V, Ip =0 
lEBO Emitter Cutoff Current 100 nA VeR=5.0 V, Ic =0 
VBE Base to Emitter Voltage 0.55 0.60 0.65 Vee =6.0 V. le=1.0 mA | 
VCE (sat) Collector Saturation Voltage 0.15 0.30 Ic = 100 mA, Ip=10 mA 
VBE leat) Base Saturation Voltage 0.86 1.0 V Ic=100 mA, Ig=10 mA 


Classification of he E2 


Rant 5 F E 
200 — 300 — 600 400 - 


400 


Range 800 


hee Test Conditions : Vee =6.0 V, lr =1.0 mA 
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Vaetsat) — Base Saturation Voltage —V 


NEC ELECTRON DEVICE | | | 2SC1 843 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 





























TOTAL POWER DISSIPATION vs. NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE CURRENT vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
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2SC1843 


INFUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
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NORMALIZED h-PARAMETERS 
vs. COLLECTOR CURRENT 
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NOISE VOLTAGE TEST CIRCUIT 


SMALL SIGNAL CURRENT GAIN vs. 
DC CURRENT GAIN 
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ELECTRON DEVICE 





INPUT IMPEDANCE, VOLTAGE FEEDBACK 
RATIO AND OUTPUT ADMITTANCE 
vs. SMALL SIGNAL CURRENT GAIN 
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ELECTRON DEVICE 


DESCRIPTION 


NPN SILICON TRANSISTOR 


The 2SC 1844 is the best for the head amplifier of tape recorders, the 


equalizer of moving coil type record players, and etc. 


to 


FEATURES ® Super Low Noise. 
® High hee. 


® Complementary to 2SA99T., 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 

Storage Temperature ............. 
Junction Temperature ........ 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation 
Maximum Voltages and Currents (Ta=25 =} 
Vcpo Collector to Base Voltage 
Vceo Collector to Emitter Voltage 
Vepo Emitter to Base Voltage 


Ic 


lp 


Collector Current 


Base Current 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 








| SYMBOL CHARACTERISTIC MIN. TYP. MAX. 
| hee DC Current Gain 150 3/0 

| hres DC Current Gain 200 400 ~—«-g00 
fT Gain Bandwidth Product 50 100 

| Cob Output Capacitance 438 8.0 
NV Noise Voltage 30 45 
| 

| IcBO Collector Cutoff Current 50 
| lEBoO Emitter Cutoff Current 50 
| VBE Base to Emitter Voltage 0.55 0.59 0.65 
| VCE (sat) 0.13 0.30 


Collector Saturation Voltage 


Classification of hres 





200 — 400 | 300 — 600 


hee Test Conditions : Vee =6.0 V, Ic =1.0 mA 


NV : 30 mV TYP. (See test circuit.) 
Nee ' 400 TYP. (VcE =6.0 V, Ic =1.0 mA} 


—55 to +125 °C 
+125 °C Maximum 


a | 


. # &® #8 «© © w #8 8 @ © 

a rr nD 
_ 

ee ee ee ee) 

* 7 “ = a . = . « cs . 5 . 5 


a 


* 2801844 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 
| 


(0.216 MAX.) 








500 mW _ 
~< 
<< 
= 
60 V LE 
= 
60 V 
50 V 1, EMITTER ElAJ SC-43E 
2. COLLECTOR JEDEC : TO-92 
100 mA 3. BASE IEC PA33 
20 mA 
—= 
UNIT TEST CONDITIONS | 


Vce =6.0 V, Ic =0.1 mA 
VcE =6.0 V, Ic=1.0 mA 


MHz Vce =6.0 V, Ip =—1.0 mA 

pF Vcg =10 V, le =0, f=1.0 MHz 

mV Vce=5.0 V, lc =1.0 mA, Rg =100 ka | 
Gy =80 dB, f=10 Hz to 1.0 kHz | 

nA Vcp =60 V, lp =0 

nA Vep=5.0 V, Ic =0 

V Vce =6.0 V, Ic =1.0 mA 

V 


Ic =100 mA, Ip =10 mA 
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2SC1844 


TYPICAL CHARACTERISTICS (Ta= 


Py—Total Power Dissipation- mW 


ic Collector Current— mA 


0.01 


f? Gain Bandwidth Product— MHz 
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TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


j In free alr 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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NEC ttectron vevice 





COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 
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COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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NEC ttectron vevice | | 2SC1844 
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ELECTRON DEVICE 


DESCRIPTION 


NPN SILICON TRANSISTOR 


The 25C1845 is the best for use as the middle range amplifier 


in Hi-Fi stereo control amplifiers, power amplifiers, and etc. 


FEATURES ® High Voltage. Veeo : 120 V 

“i= @ Low Output Capacitance. 

© High hee. | 

@ Super Low Noise. 
ABSOLUTE MAXIMUM RATINGS 

Maximum Temperatures 


storage Temperature 











Cob : 1.6 pF EYE. (Veep = 30 V) 
Nee: 600 TYP. (Voce =6.0.V, le = 1.0 mA) 
NV : 25 mV TYP. (See test Circuit.) 


—55 to +125 °C 






2SC1845 


SS 
PACKAGE DIMENSIONS 


in millimeters (inches) 
5.2 MAX. 

— (0.204 MAX) 

a 











(0.216 MAX.) 





12.7 MIN. 
(0.5 MIN.) 























Junction Temperature ........... +125 °C Maximum 
Maximum Power Dissipation (Ta=25 ~C) " 
Total Power Dissipation ................ 500 mW < 
Maximum Voltages and Currents (Ta= 25 °C) © 
S 
Vcgpo Collector to Base Voltage .......... 120 V = 
Vceo Collector to Emitter Voltage ....-...120 V : 
ae 1. EMITTER EIAJ : $C-43B 
Vego Emitter to Base Voltage ............ 5.0 V 2, COLLECTOR JEDEC : TO-92 
3. BASE IEC =: PA33 
le Collector Current .. 0.5.0... nee eee 50 mA 
lp Base GUTEGE. 140.000 2o4 000 be eS wES 10 mA | 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS 
Se Se = ener — —————s ——4 
| heeq DC Current Gain 150 580 = Vce =6.0 V, Ic =0.1 mA 
: hee? DC Current Gain 200 600 1200 - Vce =6.0 V, Ic=1.0 mA 
| ff Gain Bandwidth Product 50 110 MHz Vcge =6.0 V, lp =—1.0 mA 
| Cob Qutput Capacitance 1.6 2.5 pF Vcpg = 30 V, le = 9, f= 1.0 MHz 
| NV Noise Voltage 25 40 mV Vee =5.0 V, lc =1.0 mA, Rg = 100 kQ 
Gy, = 80 dB, f= 10 Hz to 1.0 kHz 
| ICBO Collector Cutoff Current 50 nA Vcg=120 V, ip =0 
| lego Emitter Cutoff Current 50) nA Veg =5.0 V, Ic =0 
VBE Base to Emitter Voltage 0.55 0.59 0.65 V Voce =6.0 V, lc =1.0mA 
| 
| WV Collector Saturation Voltage 0.07 0,30 V Ic = 10 mA, lp =1.0 mA 
| CE (sat) g C © 'B 
eee 
Classification of hres 
Pe ee ee i —f_ 
Rank P F | E | U | 
—-—-- = t - -——+ $e a T a =a 
Range | 200-400 | 300-600 400-800 600 ~— 1200 
| ey epee semen (Sey Sa a a 


hee Test Conditions : Vee =6.0 V, lc =1.0mA 
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NEC ELECTRON DEVICE | 2SC1 845 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 
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2SC1845 | NEC tvectron vevice 





NOISE FIGURE MAP, 


SO 


SSS . 
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NOISE VOLTAGE TEST CIRCUIT = 
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Vee=5 Viic=L0 mA, Rg=100 kO, Gy =80 dB, FLAT(f=10 Hz to 1.0 kHz} 
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NPN SILICON TRANSISTOR 


25C1940 





iD) 


ELECTRON DEVICE 


DESCRIPTION The 2SC1940 is designed for use in driver stages of audio 





frequency amplifiers. | PACKAGE DIMENSIONS 
. in millimeters (inches) 
FEATURES ® High total power dissipation and high breakdown voltage: (0.275 MAX ) 
1.0 W at 25 °C ambient temperature/VcEQ=120 V 7 
i ® Complementary to the NEC 2SA915 PNP transistor. ped 
=| 
ABSOLUTE MAXIMUM RATINGS 122 
Maximum Temperatures me 3 
a == 
Storage Temperature .................—55to +150 C lI | 10.024) a 
Junction Temperature ............. +150 °C Maximum Hl ase “s) 
Maximum Power Dissipation (Ta = 25 °C) : : a 
Total Power Dissipation ....008e8 tee ee ee LOW | (0.067) ~~ (0.067) ae 
! ~ 
Thermal Resistance(Junction to Ambient)... .. 125 °C/W et 
Maximum Voltages and Currents (Ta = 25 C) = 
1. EMITTER 
V ceo Collector to Base Voltage eatiooeea as 1: OF 2, COLLECTOR 
- 3. BASE 
VcEO Collector to Emitter Voltage ..........120 V : 
VeBpo Emitter to Base Voltage .............50 V 
le Collector GUMENE céecceccnge den oss 50 mA 
lp Base Current ----: +++ ++eee8. ~. aa TO mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) a CS 
SYMBOL CHARACTERISTIC MIN. TYP. MAX, ‘TEST CONDITIONS 
hee DC Current Gain ) 10 Vce = 10 V, lc=10 mA 
heeo DC Current Gain VcE=10 V, Ic=1.0 mA 
Gain Bandwidth Product | Voce =10 V, le=—-10 mA 
Output Capacitance ‘< 3 Vcp=10 V, le=0, f=1.0 MHz 
Collector Cutoff Current | Vcep = 120 V, le=0 
Emitter Cutoff Current Vep=5.0 V, Ic=0 
Base to Emitter Voltage | 35 mV Vce=10 V, Ic=10 mA 
Collector Saturation Voltage : lc = 20 mA, Ip=2.0 mA 





Base Saturation Voltage , Ic =20 mA, Ip=2.0 mA 


Classification of hFey 
se 


hee, Test Conditions: Vee=10V, lc=10mA 
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


P7 ~Total Power Dissipation —-W 


lc —Collector Current—mA 


V 


Geo 


Saturation Voltag 


-Collector 


VCE (sat) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





0 50 
Ta—Ambient Temperature —T 


100 150 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


1G 






0 2 a0~S*C«SO 20 100 
Voce Collector to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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— mA, 


Ic —Collector Current 


V 


Base Saturation Voltage 


VBE (sat) 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE 
METHOD) 


aK i 
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VceE —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


lc —Collector Current mA 
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BASE SATURATION VOLTAGE 
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NEC ttectron vevice 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





Vce —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
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ELECTRON DEVICE 


DESCRIPTION 





frequency amplifiers. 


FEATURES 


The 2SC1941 is designed for use in driver stages of audio 


®@ High total power dissipation and high breakdown voltage: 


1.0 W at 25 °C ambient temperature/Vren=160 V 
® Complementary to the NEC 2SA916 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature 


Junction Temperature 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation ......... 


—55 to +150 C 


+150 °C Maximum 


a beeetteeee & 1.0 W 


Thermal Resistance{junction to Ambient) ...125 °C/w 


Maximum Voltages and Currents (Ta = 25 “C) 


NPN SILICON TRANSISTOR 





SYMBOL 
NFEI 


hee? 


ICBO 
lEBO 
VBE 
VCE (sat) 


VBE (sat) 


Vepo Collector to Base Voltage ........ i60 V 
VceEO Collector to Emitter Voltage ...... 160 V 
Vepo Emitter to Base Voltage ......... 5.0 V 
lc Collector Current ...........--- 50 mA 
Ip PasOLCUGNt: a:6naes S48 Vik ee es 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 mil 


CHARACTERISTIC 





DC Current Gain 

DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voitage 


Base Saturation Voltage 


Classification of hrey 






Rank 


Range 


heey, Test Conditions: VCE= 1OV, Ic =10MA 
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aap ee 


| 90 — 180 


M L 


135 ~ 270 | 


—j—_— 
j 
} 
| 


2SC1941 













PACKAGE DIMENSIONS 
in millimeters (inches) 


70 MAX 
* (0.275 MAX) 


= - 





—l 


9.0 MAX. 
(0.354 MAX ) 


— 


12.0 MIN 


(0.873 MIN) 





1? L.? 










(0.067) '" “" (0.067) oe 

4 ci —-oh i =n 

Lg) | es 

aT S 
aD 
1. EMITTER = 
2. COLLECTOR ~ 

3. BASE 


TEST CONDITIONS 
Wer =10V, I¢=10 mA 
Voce =10 V, le=1.0 mA 
Voce = 10 V, Ile=—-10 mA 
Vcp=10 V, le=0, f=1.0 MHz 
Vcp= 160 V, Ip=0 
Veg =5.0 V, Ic=0 
Vee=10 V,lc=10mMmA 
Ic = 20 mA, Igp=2.0 mA 
Ic = 20 mA, |lp=2.0 mA 






NE Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


Py —Total Power Dissipation —-W 


~mA 


ic —Collector Current 


VCE (sat) — Collector Saturation Voltage —V 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 














0 50 100 150 200 25C 
Ta—Ambient Temperature — T 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


10 





0 20 | 40 60 a a0. = 100 
Vee —Collector to Emitter Voltage —' 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


10 





50 100 


lc —Collector Current—mAé 


mA 


Ic ~ Collector Current 


V 


Base Saturation Voltage - 


t} 


VBE (sa 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE 
METHOD) 





200 30C 


Voce —Collector to Emitter Voltage 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


100 


50 


-mA 
ori 


‘Collector Current- 
Mag 


Ic 


0.2|— 





0.5 0.6 O.7 0.8 0.9 1.0 


Var —Base to Emitter Voltage —V 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 






tt lc =10eig 
ma ES ae 


© 
u 


0.102 05 | 2 5 16 20 50 100 


l¢ —Collector Current —mAé 


lc —Collector Current —mA 


hee —DC Current Gain 


Gain Bandwidth Product —MHz 


2501941 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





—S —-s 


— ip=50 wA 





Vce —Coliector to Emitter Voltage —¥ 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





l¢ —Collector Current —mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


1000 — 


500}—-+ 





-0.1-0.2 ~0.5-1 -2 ~—5 -10-20 -50-100 


ig —Emitter Current—mA 
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2SC1941 | NEC tcectron oevice 





INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


pF 
pF 


Qutput Capacitance - 


Input Capacitance 


Cib 
Cob 





a. 5 10 20 50 100 200 500 1000 
Vcgp Collector to Base Voltage—V 
VER Emitter to Base Voltage —V 
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NEC 


ELECTRON DEVICE 


NPN SILICON POWER TRANSISTOR 


2S5C1957 














DESCRIPTION The 2SC1957 is designed for use in large signal output amplifier 
stages. This device is intended for use in Citizen Band and Ham 
Band communications equipment operating to 50 MHz. 
High breakdown voltage allows to withstand an open and short 


PACKAGE DIMENSIONS 


in millimeters (inches) 























| 
; 8.5 MAX. 
circuit load in AM operation. (0.334 MAX.) 
oi | #3.2+0.2(¢ 0.126) 
: = (Tl 
= 7 | = ie 
4 x/S 
FEATURES ® Specified 12 V, 27 MHz characteristics. | S == 
Output Power 1.8 W TYP. | % sis 
Power Gain 17 dB TYP. a 
Efficiency 65 % TYP. _ 
® High breakdown voltage 75 V MIN. 2\z 
sl= 
| o/s 
se be 
| = 
ABSOLUTE MAXIMUM RATINGS groos WU 
Maximum Temperatures ix | 
Storage Temperature....-........ —55to+150°C 
Junction Temperature ........... 150 °C Maximum | 
Maximum Power Dissipations = crr3e 
Total Power Dissipation (Tz = 25°C) ....7.. 0.75 W : 
Total Power Dissipation (Tp = 25°C) ....... 50 W 
Maximum Voltages and Current (Ta = 25 °C) (1. Emitter 
Vcgo Collector to Base Voltage ........ fo Vet ee ee aoe 
VcEO Collector to Emitter Voltage...... 40 V | 
Veso Emitter to Base Voltage ......... 40 V 
lc Collector Current ..........5565 10 A 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC | YP, = MAX. _ TESTCONDITIONS 
hee DC Current Gain VcE=10V,Ic=05A 
fy Gain Bandwidth Product Vce = 10V, le = 150mA 
Cob Output Capacitance Veg =10V, le =0, f = 1.0 MHz 
Pa Output Power : . Veco =12V, f = 27 MHz 
Ne Collector Efficiency P) =35mW See Test Circuit. 
IcBa Collector Cutoff Current ; | Veg =40V, Ip =0 





VCE (sat) Collector Saturation Voltage Ic =0.5A, 1p =0.05A 


Classification of hee 


| Rank | os 


Test Conditions : Vcg =10V, Ic =0.5A 














30 to 60 80 to 200 


po [| Kk | 
| 20to 200 
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2SC1957 ; | : NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (Tg = 25 C) 





TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE .. COLLECTOR TO EMITTER VOLTAGE 
. aa 100 : | 1.0 
| 
= 
6 E < 0.8 
3 PS ~ 
3 5 S 
al > E 0.6 
dl 3 5 
= S S| 
| = £04 
ve 8 3 
3 8 5 
S i P02 
| 2 L 
—_ 
a 





0 30 100150 200 0 10 20 30 £40 ~=50 0 O04 O08 12 16 20 
Ta—Ambient Temperature—°C Vce—Collector to Emitter Voltage—V Vee —Collector to Emitter Voltage—V 


COLLECTOR SATURATION VOLTAGE GAIN BANDWIDTH PRODUCT vs. 
vs. COLLECTOR cu ARENT COLLECTOR CURRENT 


DC CURRENT GAIN vs. 
TTT — CURRENT 












> 
p z 
100 10 = 
= = I 
=a S| 3 
S < 0.8) 3 
a _ 
“ s | O. 
3 5 0.6 = 
= .. 
a Z| 3 
ik 504 : 
re 8 n 
= | @ 0.2 £ 
1 10 100 1000 10000 oO é 
l¢—Collector Current —mA = 0 l 
a 10 | = Ie- Collector Current —mA 
Li I¢— Collector Current—mA 
—) 
> 
ve ee OL i a oe POWER vs. INPUT POWER 
: | TLL Tea? ne 
5 . eee 
: 7 SMT 5 a ‘_ 
ce 4 
3 100 SS ST i | 2 2.0 
a : o. 
co — eS Se wn 
8 50 315 
se s 
= 
a 20 7 1.0 
= 
° o 
'o 10 05 
o 
2) 
0 0.5 1 3 5 10 30 50 0 10 20 30 40 50 60 
Vop—Collector to Base Voltage—V P;—Input Power—mW 
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7 NEC trectaon pevice | 285C1957 





OUTPUT POWER TEST CIRCUIT (27 MHz) 


RFC—2 
75 pF Ly ) OUTPUT 
‘t. ~  INPUT@ rg SO —e 
50 9 
4 SJ RFC~1 
110 pF 
33 pF 
510 
Tr 





L,: 5T, @ 0.4mm Enameled wire, ¢ 8 mm Bobbin with ferrite rod 
L,: 4T, ¢ 0.4 mm Enameled wire, ¢ 8 mm Bobbin with ferrite rod 


RFC-1: 20T, ¢@ 0.4 mm Enameled wire, ¢ 8 mm Bobbin 
RFC-2: 17T, 6 0.4 mm Enameled wire, ¢ 8mm Bobbin 
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NPN SILICON TRANSISTOR 


2SC2000 





ELECTRON DEVICE 












DESCRIPTION The 2SC2000 is designed for use in AM/RF stage of CAR RADIO | 
and general purpose applications. | PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES ®@ High Electrostatic-Discharge -Resistant (E-B reverse bias) 
ESDR 1: TYP. 500 V (C=1 000 pF) 
ESDR 2: TYP. 1 600 V (C=100 pF) 


5.2 MAX. 
(0.204 MAX.) 
_——————————— 















zz 
> @ Low fy, Co'ry'p and. NF. | | aaa 
fr: TYP. 70 MHz (Vc =6.0 V, Ip =-1.0 mA) Pe 
Ce'Th'b: TYP. 6.0 ps (Vcp= =6.0 V, lp =-10 mA, = 
f=31.9 MHz) )es 
NF:  TYP.3.0dB (Vc¢=6.0 V, Ic=1.0 mA, | a | 
f= 1.0 MHz, Rg =500 2) | (0018) |Z2 
| a Ne 
ABSOLUTE MAXIMUM RATINGS | 7 Z INS 
Maximum Temperatures | 10) <g— 
Storage Temperature ...............0.. —55 to.+150 °C hei 2 m 
Junction Temperature ............. +150 °C Maximum ie 
Maximum Power Dissipation (Ta=25 °C) 29 
Total Power Dissipation ................4. 600 mW A _4*s 
Maximum Voltages and Currents (Ta= 25 °C} - 5 Soins Sir seecae 
Vcpo Collector to Base Voltage .... Fee enes 60 V a a JEDEC: ae 
| .BA IEC 
Vceo Collector to Emitter Voltage.......... 50 V 
Veso Emitter to Base Voltage ............. 5.0 V ee 
le Collactor Corrent <2 << 2-42.4-ss.hase525 63 200 mA 
lp Base CUITENE 2 cw cere ee en eis 20 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 


eee 


hee DC Current Gain 40 90 














TEST CONDITIONS 
Vce=5.0 V, lc=1.0 mA 


















Cob Output Capacitance ae 4.5 pF Vcp=6.0 V, le =0, f=1.0 MHz 
tr Gain Bandwidth Product 40 70 MHz Vce=6.0 V, l—e=-1.0mA 
| NF Noise Figure 3.0 a ee 
ESDR Electrostatic-Discharge -Resistant 500 V See Test Circuit 
ICBO Collector Cutoff Current 100 nA Vcp=60 V, ip =0 
lEBO Emitter Cutoff Current 100 nA Vep=5.0 V, Ic=0 
VBE Base to Emitter Voltage 600 650 700 mV Vce=6.0 V, Ic=1.0 mA 
| VCE (sat) Collector Saturation Voltage 110 300 mV I¢=100 mA, lp=10 mA 
VBE (sat) Base Saturation Voltage 0.85 1.5 V. Ic=100 mA, |lp=10 mA 
Cel h'b Collector to Base Time Constant 6.0 15 ps Vcop=6.0 V, ie=—-10 mA 
; _ | f=31.9 MHz | 


Classification of hee 





Rank Mi 





Range 40 — 80 60 — 120 90 * 180 


hee Test Conditions : Vcge =6.0 V, Ic = 1.0 mA 


NEC ELECTRON DEVICE 


2SC2000 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 









O.7 : 
= Free air 
| 0.6 
Cc 
A 
& 0.5 
B 
O 0.4 
ee 
$ 0.2 
| 
a 0.1 

0 
Ta—Ambient Temperature —°C 
COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
mf weeso TTT TT 
=x 
E 
| 
= 
5 
oO 
oS 
oO 
& 
‘o 
" 
oo 


if 





= 
F Li] 


0 02 Of 06 08 1.0 
VBE —Base to Emitter Voltage—\ 


BASE AND COLLECTOR SATURATION VOLTAGE vs. 


COLLECTOR CURRENT 
1 ——_—_—_—_— 








0.1 05 (1.0 Haat 30 10 


VcE{sat)—Collector Saturation Voltage —mV 


VBE(sat)—Base Saturation Voltage —mV 


hee —DC Current Gain 


SS ie 
ee = Ic =10+lg 
sof — For LT tty sees 
SE Hh ait 0.8 


all eeseeser _—aueee a eel 
ee eh ae 
al 


meena VCE Ail 


lc —Collector Current—mAé 


Ic —Collector Current—mA 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 














10) <a 
| jer mal Pha 
yar “i <, 
GE ae L 
Va fied St : 
/ 7 fae = 4 
\Fa— eo 2 
Pea. 
"EF =a 2 TTT 
is me T pt | | tol TT 
| am aa ~ ELL [esol TT 
cli a lath tt | 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.9 0 50 
Vee —Collector to Emitter Voltage —V VCE — re : aes dares =a 
DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
0° SSS Pulsed 
a a S00) ee eee ee | td 
5 — 1 SA a ma 0 | a De ee KD 
| a ee eee ee eee ee 
faa) a 





|__| 

Lt 

meas 
A 
TT TTT TTT 


en ee ee a oe So i bt} 
Se ete “Wice= =6.0 V Ht 


ee 
50 5 ra me a YO Wes 3.0 V 
ae oe at no a a oo ae ai 


50 


10 
0.1 10 100 = 200 500 1000 
< eae pau mA 


ee a 










COLLECTOR TO EMITTER VOLTAGE vs. 
BASE CURRENT 


= 1.6 













= 
am 













| | NUN 
TNS = 
UU Tt TT 


: —Base Current—mA 





Yce —Collector to Emitter Voltage — 
= 
oy 
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2SC2000 NEC trectron vevice 





GAIN BANDWIDTH PRODUCT vs. INFUT AND OUTPUT CAPACITANCE vs. COLLECTOR TO BASE TIME CONSTANT vs 
EMITTER CURRENT REVERSE VOLTAGE EMITTER CURRENT 
LOOe) 
SS ae eae 
Si= 


100 SS mae 


Set 
cottt 





F=31, 9 MHz 


rr 





ft —Gain Bandwidth Product —-MHz 
Cib— Input Capacitance — pF 
Cob — Output Capacitance — pF 


10) 7 7 aT, —_ ins YoR —Collector to Base Voltage—\ 
; : VER —Emitter to Base Voltage —V 
le —Emitter Current--mA le —Emntter Current—mA 


Ce'rb'b Collector to Base Time Constant —ps 





ELECTROSTATIC-DISCHARGE -RESISTANT TEST CIRCUIT 


TEST CONDITION ~ 


1) E-B reverse bias 
2) C=1 000 pF 
3) Apply one shot pulse to D.U.T. (Device Under the Test) by SW. 


Open COLLECTOR 


JUDGEMENT 
REJECT: BVeERO waveform defect 
As a result if D.U.T. is not rejected, apply higher voltage to 
capacitor and test again. 


C=1000 pF 





ELECTROSTATIC-DISCHARGE -RESISTANT vs. 
CAPACITANCE 





100 ~~-200 500 1000 2000 
C—Test Capacitance —pF 


ESDR — Electrostatic-Dishcarge-Resistant — V 
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NPN SILICON TRANSISTOR 


2SC2001 





EK 





ELECTRON DEVICE 






DESCRIPTION The 25C2001 is designed for use in output stage of portable 


RADIO and cassette type tape recorder, general purpose applica- PACKAGE DIMENSIONS 


in millimeters (inches) 
tions. 


5.2 MAX. 
(0.204 MAX.) 
FEATURES ® High total power dissipation. 
a Py . : 600 mW 
® High hee and low VecE(sat) 
hee (lc = 100 mA) : 200 TYP. 


VcE(sat) (700 mA) = 0.20 V TYP. 


j 


5.5 MAX 
(0.216 MAX.) 


; 

|z2 
= 

lie 

. Ly 

v3 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 





storage Temperature ................ —55 to +150 °C 
Junction Temperature ............. +150 °C Maximum F = 
Maximum Power Dissipation (Ta= 25 °C) vs 
Total Power Dissipation .............. .... 600 mW = 
ay | 1, EMITTER EIAJ : SC-43B 
Maximum Voltages and Currents (Ta=25 Ci ~ 2.COLLECTOR JEDEC: TO-92 
| 3. BASE 1EC—: PA33: 
Vcpo Collector to Base Voltage ..... ikea oe || OOF 
Vceo Collector to Emitter Voltage.......... 25 V 
Vepo Emitter to Base Voltage ............ 5.0 V 
le Collector Current... ....0-s2<0%- ... 400 mA 
Ip Base CUO 2.0 casae eve reeean ... 150 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL | ~ CHARACTERISTIC _ . . AX. TEST CONDITIONS 








hre1* | DC Current Gain : - Vce=1.0 V, lc =100 mA 
hree2* DC Current Gain Vee =1.0 V, le = 700 mA 


| ee a ee . : Vcp=6.0 V, le=0 
Cob Collector to Base Capacitance : f=1.0 MHz 


fT Gain Bandwidth Product . Vce=6.0 V, le =—-10 mA 
VBE* Base to Emitter Voltage | | Vce =6.0 V, Ic =10 mA 
VCE(sat)* Collector Saturation Voltage . ; lc = 700 mA, lp =70 mA 
VBE(sat)* Base Saturation Voltage ' Ic = 700 mA, lp =70 mA 
IcBo Collector Cutoff Current Vcp 730 V, ie =0 

lEBO Emitter Cutoff Current Vep=5.0 V, lce=0 





z Pulsed PW< 350 us, duty cycles 2.0 % 


Classification of heey 


L 
135-270 | 200-400 





hee Test Conditions : Voce =1.0 V, lc = 100 mA 





2S$C2001 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


SAFE OPERATING AREAS 


TOTAL POWER DISSIPATION 
(TRANSIENT THERMAL RESISTANCE) 


vs. AMBIENT TEMPERATURE 


—= 


duty cycles 2 
In free air ————— 


El 


——————— 





P7—Total Power Dissipation—W' 






lc — Collector Current— mA 





700 175 


150 
Ta—Ambient Temperature—’C 


0 Ln ee: [25 





] 2 5 10 20 
Vee — Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


COLLECTOR CURRENT vs. : 
COLLECTOR TO EMITTER VOLTAGE 


100 


"4 500 








= 
E 
E : 
5 
% au 
2 S 
@ 5 
S 5 
| iJ 
ef 
> oS 
oO 
| 
< 
Vee —Collector to Emitter Voltage—V 
‘04 05 06 07 08 09 1011 
Veep Base to Emitter Voltage—V 
COLLECTOR TO EMITTER VOLTAGE GAIN BANDWIDTH PRODUCT 
vs. BASE CURRENT vs, EMITTER CURRENT 
7 1.0 
a0] | 
= 08 
> a 
: E 
£ 0.6 e 
E oo 
Lid £ 
= = 
-“ oO4 ‘= 
8 z 
3 g 
3S Oo? a 
mo a 
| cD 
7 rh 1 | Lt] | | : 
= 0102 05 1 2 5 10 20 50 100 r bg 





Ia— Base Current— mA 


le — Emitter Current— mA 
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mA 


lc ~ Collector Current 


VCE(sat)~ Collector Saturation Voltage — V 


VBE (sat) Base Saturation Voltage—V 


pF 


“Emitter to Base Capacitance 
Cobh Collector to Base Capacitance — pF 


Vib” 


NE Cc ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


1000 






0 0.4 0.8 1.2 1.6 2.0 


Vee Collector to Emitter Voltaza— Vv 


DC CURRENT GAIN, 
BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 










= 

Sb Piso taitisk 0 

rps 1 + = — eT a 

[ = 

: 39 oO 

0.0 | es 10 & 

. Lu 

me 

<_ 
0.001 : LJ} 1.0 
0.1 1.0 19 100 iaad 


lc Collector Current— mA 


EMITTER TO BASE AND COLLECTOR 
TO BASE CAPACITANCE vs. 
REVERSE VOLTAGE 


— 
=) 
i= 


ee ee ee ee SS 
= eS = 2 boas 
ner nese 


a eo ee | 


ee ee ee ee ee a 


50-— 


02 08 1 2 §& 10 20 50 10¢ 
Yeg—Emitter to Base Voltage— V 
Yeg-Collector to Base Voltage— Vv 


NEC / ____ NPNsSiILICON TRANSISTOR — 
ELECTRON DEVICE : 2SC2002 











DESCRIPTION The 2SC2002 is designed for use in driver stage of high voltage ; a 
audio‘ equipments. PACKAGE DIMENSIONS 


in millimeters (inches] 






FEATURES ® High total power dissipation. nee ere 
P- : 600 mW 
~ ® High hee and high voltage. tye = 
hee (lc=50 mA) : 200 TYP. 2 
VcEO : 60 V 3 = 
re 4 






ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 












Storage Temperature................ 755 to +150 °C 
Junction Temperature ............. +150 °C Maximum 
Maximum Power Dissipation (Ta=25 ~C) 
Total Power Dissipation ............... ... 600 mW |x 2 
Maximum Voltages and Currents (Ta= 25 °C) == 
Vcpo Collector to Base Voltage ............ 60 V | ae 
Vceo Collector to Emitter Voltage.......... 60 V 
Veso Emitter to Base Voltage ......05.... 50 V 2 COLLECTOR JEDEC: T0.42. 
lo Collector Current........-..0000e0- 300 mA aren ee. anes 
lp Sane CANTON 6.2 dak ok bvese ete S sce 60 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 “C) 
SYMBOL . 
















CHARACTERISTIC TEST CONDITIONS 
hee” DC Current Gain 90 200 400 — Vce=1.0 V, 1c =50 mA 














hFe2* DC Current Gain 30 80 - Voce = 2.0 V, Ic =300 mA 
Cob Collector to Base Capacitance 7.0 15 pF oe a le =0 








iT Gain Bandwidth Product 50 140 MHz Vcpe =6.0 V, lp =-10 mA 
Vee" Base to Emitter Voltage 600 645 700 mV Vcg =6.0 V, Ic =10 mA 
VCE(sat)* Collector Saturation Voltage 0.15 0.6 V Ic = 300 mA, ig =30 mA 
VBE(sat)” Base Saturation Voltage 0.86 1.2 V lc = 300 mA, |p =30 mA 
IcBO Collector Cutoff Current 100 nA Vcg=60 V, Ip =0 

lEBO Emitter Cutoff Current 100 nA Vegp=5.0 V, le =0 





«Pulsed PW < 350 us, duty cycle = 7.0 %. 


Classification of heey 


s L 





- 135 — 270 200 — 400 


hee Test Conditions : Veg =1.0 V, l¢=50 mA 
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BASE AND COLLECTOR SATURATION VOLTAGE 


2SC2002 


NE Cc ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION’ 
vs. AMBIENT TEMPERATURE 


0,7 





in free aor 


0.6 


Py—Total Power Dissipation W 


100 125 i160 i175 


0 25 50 75 
Ta—Ambient Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Ic —Collector Current— mA 





0 TO 20 30 40  §©§50 
Vce— Collector to Emitter Voltage—V 


vs. COLLECTOR CURRENT 


VCE(sat)~ Collector Saturation Voltage—V 





Vee (sat) ~ Base Saturation Voltage—V 


Ord? 05 |? 5 10 20 50 100200 $00 1000 
ic> Collector Current— mA 
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lc Collector Current— mA 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE) 


Ic — Collector Current — mA 
‘Collector Current— mA 


Ic - 





1 2 § 10. 20 50 


Vop — Collector to Emitter Voltage—V VoeE— Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


DC CURRENT GAIN vs. _ 
COLLECTOR CURRENT 


Pulsed 
a 


hee — DC Current Gain 





1| At eI 
0102 05 1 2 #5 10 20 
Ic — Collector Current— mA 








‘ = ae ~ + . i z ; : 
0.1 aa LLELtt | 
04 05 06 07 08 09 1.0 1.1 


Vpe—Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


EMITTER TO BASE AND COLLECTOR TO BASE 
CAPACITANCE vs. REVERSE VOLTAGE 


= rr a es a a 

—— oo ssetions MPP ETE 
et a. 
50) oe +44} 


MHz 


f7-Gain Bandwidth Product 





Cip Emitter to Base Capacitance — pF 
Cob Collector to Base Capaitance— pF 
© 


l | | | | 1h] | itt | 
0102 05 1 2 5 10 20 50 100 
Vep—Emitter to Base Voltage—V 
Vcp—Collector to Base Voltage—V 


~10 —30 


-3.0 
le — Emitter Current— m4 





EK 


ELECTRON DEVICE 






DESCRIPTION 
audio equipments. 
FEATURES ®@ High total power dissipation. 
P+ : 600 mW 
a ® High hee and high voltage. 
hee (lc =50 mA) 
VcEO ' BO V 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ........ 
. Junction Temperature..... a 
Maximum Power Dissipation (Ta=25 °C) 


: 200 TYP. 


NPN SILICON TRANSISTOR 






SYMBOL 


fT 








leEBo 


Emitter Cutoff Current 


Total Power Dissipation .................. 600 
Maximum Voltages and Currents (Ta=25 °C) 

Vcpo Collector to Base Voltage .........05 80 

Vceo Collector to Emitter Voltage.......... 80 

Veego Emitter to Base Voltage .......: rhe ae 

lc Collector Current ....5..6540 00005800 300 

lp SSE MOUNT O sis tesad susan x es ese es 60 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) _ 
| a CHARACTERISTIC 
DC Current Gain 90 200 400 


MIN. TYP. 


hrFe1” 
hree2* DC Current Gain 30 80 
Cob Collector to Base Capacitance 7.0 15 






Gain Bandwidth Product 50 140 


Vee* Base to Emitter Voltage | 600 645 700 
VCE (sat)” Collector Saturation Voltage 0.15 0.6 
VBE (sat) * Base Saturation Voltage 0.86 1.2 
lcBo Collector Cutoff Current 100 






«Pulsed PWS 350 us, duty cycleS 2.0 %. 


Classification of heey 
Rank | 





hee Test Conditions : 






— 
200-400 








Vice = 1.0 V, Ic =50 mA 


The 25C2003 is designed for use in driver stage of high voltage 


—55 to +150 °C 
+150 °C Maximum 


mW 


<< < 


mA 


MHz 
mv 


nA 
nA 





2S5C2003 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


(0.216 MAX.) 


(0.5 MIN.) 





> 
< 
= 
un 
4 
S 
4. EMITTER EIAJ :S$C-43B 
2. COLLECTOR JEDEC: TO-92 
3. BASE IEC ‘PASS 













TEST CONDITIONS 
Voce =1.0 V, Ic =50 mA 
Vce = 2.0 V, lc = 300 mA 


Vcp=6.0 V, Ie =0 
f= 1.0 MHz 


Vee = 6.0 V, le =—10 mA 
Vce =6.0 V, Ic =10 mA 
Ic = 300 mA, Ip =30 mA 
Ic = 300 mA, Ig=30 mA 
Vcp=80 V, Ip =0 
Vep=5.0 V, le =0 
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2SC2003 oe PVE ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION SAFE OPERATING AREAS COLLECTOR CURRENT Vs. 
vs. AMBIENT TEMPERATURE (TRANSIENT THERMAL RESISTANCE: COLLECTOR TO EMITTER VOLTAGE 
” 1000 === 500 = 





7) «6duty cyclez? % 




















= | | in Free Air er 
; 0.6) ) a 2 < 
8 = 
& o4|—1 : 3 
5 id 5 
: a 
= 0.3 | f=) * 
a ig = 
Sno! S S 
6 02-—-— S ) 
or oO 
~- O1 -—— + iL | ee ee eet ee ee 
a | t 7 
0 25 50 f> 100 125 #150 175 l 2 a) 10 38620 50 =.:100 0 1 2 3 4 5. 
Ta—Ambient Temperature —*C Vice —Collector to Emitter Voltage —¥ Vee — Collector to Emitter Voltage—V 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. Dc CURRENT GAIN vs. 
COLLECTOR 10 EMITTER VOLTAGE BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 
20 - eT 
_ | at *s L 1 
EO ———_— —— a7 al 
<x 80 
E 16 = a Se : 
} = 
= 70 Ns a ee F 5 
a ce as 
5 3 S 
g 5 8 
2 S u 
=) saad ditt t+ teed 
+ = —s ee l | HH et | 
0 ; 10 | 20 30 : 49 50 0192 05 1 2 5 10 20 50100 200 500 1000 
Voce —Coliector to Emitter Voltage —V Ic —Collector Current— mA 
“04°05 06 07 08 O9 LO 11 
Vee Base to Emitter Voltage—V 
BASE AND COLLECTOR SATURATION VOLTAGE GAIN BANDWIDTH PRODUCT EMITTER TO BASE AND COLLECTOR TO BASE 
vs. COLLECTOR CURRENT vs. EMITTER CURRENT CAPACITANCE vs. REVERSE VOLTAGE 
= 
: 4 O° T= 1.0 Mt 
Let) = ale. Le j nr me ee ee 
a | om J 7 a 
= , = a 50 TT a on es 
bo =p x 3 atl Cals Se 
a" het La | |, a a ee os C Oi , 2 mn ee 
c = v ex 
ao 2 = au j 
= = = = 9 ee ee ee 
2: : ae 7 
za 2 a. ao 
un fe 5 2) 1a Se 
oe = y 2 es os wo ET 
o = oo a ee es has, 
3 7 c Oe § Thi, i es 
24 5 Poe SO) 
88 2 oe 
te Lan P| £2 2 a 
=o ES 
J mi = wo | lthy | | ; | 
ww Pee De | | - ee ts. 7 — 
>> 0102 051 2 5 10 20 50 100200 5001000 ~10 30 ~—10 ~30 = 100 2s 0102 05 1 2 5 10 20 50100 
ic Collector Current-- mA le —Emitter Current-~ mA Veg —Emitter to Base Voltage — V 


Vega —Collector to Base Voltage - V 
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iD) 


ELECTRON DEVICE 


DESCRIPTION 
FEATURES ® NF 3.0dB TYP. @f = 500 MHz 
@ Goe 15dB TYP. @f = 500 MHz 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
Storage Temperature 
Junction Temperature 

Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation 

Maximum Voltages and Current (Ta=25 ~C) 
Vespo Collector to Base Voltage 
Veeco Collector to Emitter Voltage 
Vepo Emitter to Base Voltage 
le Collector Current 


ons ® fT 2.0 GHz TYP. 


': &£ #&# &# &*# & @ & & &© & & 


| 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 


SYMBOL CHARACTERISTIC 


DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Power Gain 


Noise Figure 


Collector Cutotf Current 


Emitter Cutoff Current 


MIN. 


25 
1.5 


13 


* *£ &£ & #& 8 f& 


Suitable for low noise amplifier in the VHF to UHF band. 


ce Bia eae 250 mW 
gS an seve 30 V 
ee ~ 14 V 
or ea er 3.0 V 
ere 50 3 =6©mA 


NPN SILICON TRANSISTOR 





2SC2026 





—— = pes } 
PACKAGE DIMENSIONS 
| 

| 

| 

| 

| 


in millimeters (inches) 


5 2MAX, 
(0,204 IMAM.) 
aa eal a 
ir 


5, 5MAX 
(0,216MAX,) 









| 0.45 


S 

o 

= 
12.7MIN 
(0.5MIN.) 


| 
es 


1 JIMAX. 
(0.069MAX.) 


\ fT  hed 
— on 35 
No 
i 
1. BASE EIAJ : §$C-43B8 
2. EMITTER JEDEC : TO-92 
3. COLLECTOR IEC : PASS 





UNIT 


TEST CONDITIONS 


Vce=10 V, lc=10 mA 


GHz 
pF 
dB 
dB 
LA 
uA 


Vce=10 V, le=10 mA 

Vcp=10 V, le=0, f=1.0 MHz* 
Vce=10 V, lc=10 mA, f=500 MHz 
Vce=10 V, lc=3.0 mA, 

f=500 MHz, RG=50 

Vcpe=15 V, le=0 

VEB=2.0 V, Ic=0 





* The emitter terminal should be connected to the gurad terminal of the three-terminal capacitance bridge. 
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2SC2026 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P+ — Total Power Dissipation — mW 


Ta~Ambient Temperature— C 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


2 


0.5}- 


0.27— 


0.1 


ad 


‘ 

| 
02 Ly 
0.102 05 1 2+ 5 


I¢--Collector Current—mA 


VBE(sat)— Base Saturation Voltage—V 
VCE(sat)— Collector Saturation Voltage—V 


NOISE FIGURE vs. 
COLLECTOR CURRENT 


wad 


'=300 MHz 
Rg=50 2 
6 “T" Veg=10V 
ao . 
mo 
ra 
= 4 
Bo 
Li | 
w 3 
4 
5 
= 7h 
Li 
= 


¢ : - 
030.5071 23 4 ?7 10 





l¢ —Collector Current—m4 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


200 


hee —DC Current Gain 


20 30 


Ic —Collector Current—mA, 


30.507 1 23 5710 


—— 





“an 70 


GAIN BANDWIDTH PRODUCT vs. 


EMITTER CURRENT 
3. 000/- 


: 


ff —Gain Bandwidth Product--MHz 
Th 
= 


i | 


5 7 10 
le—Emitter Current—mA 


0.30.507 


TYPICAL S-PARAMETER 





20 30 450 


Z5=50 2 
VcE=10 V 
ic =10 mA 
SS = 1 3.0 A 
1 1 
Gmax = |S24|? - —— [ = — 
1—|Sq4)? = 1—1S29!? 


Cob — Output Capacitance — pF 


Gmax (dB) 





“Oo 05 1 2 3 


NV. E Cc ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


50 





¥Vce= 10 V 


20 | 
<——* 
E 
aw 
= 
G [OF 
a 
~ 
Ss 
5 
x& 
re 
Oo ‘ 


! 


0.5 
0.6 0.7 0.8 0.9 
Veep —Base to Emitter Voltage — V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


5 7 10 
Vog—Collector to Base Voltage—V 


Gmax vs. FREQUENCY 





Py 


o.] o2 03 0.5 O7 1 


f-- Frequency —GHz 


NEC ELECTRON DEVICE 


FORWARD TRANSFER COEFFICIENT vs. 
FREQUENCY 





wu : . 
0.1 02 03 
f—Frequency— GHz 


REVERSE TRANEFER COEFFICIENT vs. 
FREQUENCY 


80 





Z3812e (degrees) 


0507 10 420 


01 0.2 0.3 


‘— Frequency—GHz 


2SC2026 





REVERSE TRANSFER COEFFICIENT vs. 


FORWARD TRANSFER COEFFICIENT vs, 
FREQUENCY 


FREQUENCY 


150 ) 
| = ——— — Es ; a el —- 
meso 
. = 4 = 


- ] | Ts } 7 | | } 
100} —} gt 44+ 














“wr 

2 eo to . + tt} —— _ 

eon | ] - *, i= | a | ay 

oa ————| aa — alg ae ~ TTTi os 
i | 

3 ae a oe et Se ec ao 

q = - } = ee 

=i | 

a = 50+— ep ap + NE 

on | | | | | } | | | 

| 1177-77777 TT | 


| ) 
tn ap a ! 
| | | | | | 
suai saueeeieaidl mamma Gani: ame a pe = 
TT | 


O01  o2 03 O5 OF 10 2.0 





0.1 02 0.3 0.5 O07 1.0 2:0 


f—Frequency—GHz f—Frequency—GHz 


Siie: 522e 


VcE=10V 
Z5=50 


TENET RS 


tS 
[Re fa 


+ eal f 


Le] 
= 
Mw 


at 
8 oni 


= 
: 
: 
- 4 
- 
a 
a] 
7 
os a 
emis 
ao = 7 
| ; 
x z r Tam i 
ul me Ebb fel 
een tar - 
‘i = 
z= jet 
- i 
a : : = 
\ 


Sse Geo Oem 
7 


‘0 
OLGHE eee 
LT iar A 
= H ee: 
| f as ae ; 
- 12 < je ‘+ 
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NPN SILICON TRANSISTOR 


wchadhdabadead 






K 


ELECTRON DEVICE 














DESCRIPTION Suitable for low noise amplifier in the VHF to UHF band. 
| PACKAGE DIMENSIONS. 


in millimeters (inches) 


FEATURES © NF 3.0dB TYP. @f = 500 MHz 


© Goe 13dB TYP. @f = 500 MHz " 6.2MAX, 
(O.204MAX.) , 


*>  @ f- 2.0GHz TYP. 


ABSOLUTE MAXIMUM RATINGS 


BMAX. 
(0.776M AX.) 


— 
TSIM, 5.5 
(0.SMIN.) 


Maximum Temperatures 
Storage Temperature............ —55 to +150 °C 
Junction Temperature ......... +150 °C Maximum 


Maximum Power Dissipation (Ta = 25 C) 











Total Power Dissipation. ........ ces 250 mW 
Maximum Voltages and Current (Ta=25 °C) xa 
5 
Vepo Collector to Base Voltage........ 30 V se 
a 
Vceo Collector to Emitter Voltage...... 14 V ~ 
Vego Emitter to Base Voltage......... 3.0 V | 
1. EMITTER EIAJ :S$C-43B 
lc Collector Current 22.2.4 06 00465 50 mA 2. BASE JEDEC : TO-92 
3. COLLECTOR JEC_ : PA33 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


| SYMBOL CHARACTERISTIC TEST CONDITIONS 





hee DC Current Gain | (ele Vce=10 V, lc=10mA 

fT Gain Bandwidth Product : 7. Vce=10 V, Il—E=10 mA 

Cob Output Capacitance i. : Vcp=10 V, le=0, f=1.0 MHz* 

Gpe Power Gain Vce=10 V, lc=10 mA, f=500 MHz 
Vce=10 V, Ilc=3.0 mA, 

f=500 MHz, RG@=50 2 

Collector Cutoff Current Vce=15 V, lE=0 

Emitter Cutoff Current Vees=2.0 V, Ilc=0 


NF Noise Figure 





* The emitter terminal should be connected to the gurad terminal of the three-terminal capacitance bridge. 


328 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


mi 


Py — Total Power Dissipation: 


Base Saturation Voltage—V 


Vcé(sat)— Collector Saturation Voltage —V 


VRF (sat) 


NF —Noise Figure —dB 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


In free ai 


Ta—Ambient Temperature — °C 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


c= 10-lp 
| pulsed 


l¢ — Collector Current— mA 


NOISE FIGURE vs, 
COLLECTOR CURRENT 


f=500 MHz 
HH Rg=50 2 
srTit | Tha Yce=10 


an 





0305071 2 3 5710 2030 50 
ic —Collector Current—mA 





hee —DC Current Gain 


MHz 


ft —Gain Bandwidth Product 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


200 





2 30 5070 


5S / 10 


Za 
lc Collector Current— mA 


0.30.50.7 1 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


}o9 Lt , 
0.30.50.7 1 2 


le—Emitter Current—mA 


TYPICAL S-PARAMETER 


25750 9 
Vce=10V 


Ic=10 mA 
— ren = [05.0 mA 


1 dn 


Gmax = ISo4 P 


SE 


1—|Sq4/?_ 1-—(|S99)? 





Cob Output Capacitance — pF 





20 30 50 


25C2037 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


20 





Vcp=10 V | 
—_— i—_+—__ —t 
+ =e 
29|—_--__+___-__-#-_-_+—- 
P 
<< I | 
E iG. ee — . 
4 —f + | a 
a = im +-—— ———— 
= e+ a Pa * de 
G il jt 
‘hee. 
= 
O 5 — ——+- _ 
i. —+——_— —_——+ 
a | 
I 
wD a ee ee a a 
[= 
a 
| 2 ~—eae + +> + 
LY 
] _ + * > + 7 
= —— 
sath ae ates Re We 
i] 
Ft f ——= 
- — + + 
i 1 | 
G6 a7 Oe OS 


VBE —Base to Emitter Voltage—V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


——s —T TH a ae 
| 


A 


—+- fhe eb ~ F 


ae cS 2 ee ee ee | _| 





qn 
oe] 
pa 
> 
Po | 
La] 
Cat 
oo 


“Q 05 1 2 3 


Vcop—Collector to Base Voltage V 


Gmax Vs) FREQUENCY 


aes | 


1} | 7 


1 | | 
— ie —S 
ee a 





= | a oe oe ars 
7 i | 


tt a eh ee | = 


| l Wal 
H 


Gmax [(dB) 


i") | . 
Q.1 0.2 0.3 05 OF 1 2 


f— Frequency -- GHz 
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NEC ELECTRON DEVICE 


2$C2037 


REVERSE TRANSFER COEFFICIENT vs. 


FREQUENCY 


FORWARD TRANSFER COEFFICIENT vs. 


FREQUENCY 


FORWARD TRANSFER COEFFICIENT 


vs. FREQUENCY 


(soaidap) 


JPles| 


%lés7 


* 





0.01| 








2.0 


0.5 0.7 1.0 


0.3 


0.2 


a1 


7.0 


1.0 


0.5 07 


Frequency— GHz 


0.1 2 0, 


2.0 


0.5 0.7 1.0 


¥— Frequency~ GHz 


f 


f—Frequency—GHz 


REVERSE TRANSFER COEFFICIENT vs, 


FREQUENCY 


Siie, S22e 





(seausap) 8Zlo> 


Vce=10 V 


Zo =50 Q 


J 


O.? 





o— —— 0 Ic =3.0 mA 


2.0 


1,0 


0.5 


0.2 0.3 


0.1 


x 


f—Frequency—GHz 
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NPN SILICON POWER TRANSISTOR 


2SC2333 


iD) 


ELECTRON DEVICE 





















DESCRIPTION = The 2SC2333 is NPN silicon triple diffused transistor designed for | 
i 
switching regulator, DC-DC converter and ultrasonic appliance ap- PACKAGE DIMENSIONS 
— in millimeters (inches) i 
plications.” 
FEATURES ® High speed switching. 
Sa (0.421 MAX) 4.9 MAX. 
= ® Low collector saturation voltage. =o es r 36202 193 MAX) | 
® Specified of reverse biased SOA with inductive loads. gi Fy (G.081% | 
Ss<s 
== 
ABSOLUTE MAXIMUM RATINGS 4 NOS | 
Maximum Temperatures: | : = | 
| azz 
Storage Temperature............... —55to+150°C eRe = == ‘aoe 
! } : om Le | a | 
Junction Temperature ............. 150°C Maximum ‘ia | a5 | 
i 0 (0.031) peal ee ac O11) 
Maximum Power Dissipation (T. =25 C) aad age 
Total Power Dissipation. ...... iS Dia ae oS eek Ss 15 W | +t? | 
Maximum Voltages and Currents (T, = 25 °C) 
V Coll e Voltage. ......... 1. Base (B) | 
CRO Collector to Base Voltage 900 V J. Gallincea iG 
VcEO Collector to Emitter Voltage........ 400 V 3. Emitter (E) 
. 4. Fin (Collector) | 
VERO Emitter to Base Voltage a Ss Ga eae e W ts 7.0V JEDEC: TO-220AB 
lc(pc) Collector Current (DC) ........... 2.0 A 
lc(putse) Collector Current (pulse)” ......... 440A : 
Isioc) Base Current(DC) .............. 1.0A 


* PW = 350 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS Ts =25 °c) 
[ SYMBOL CHARACTERISTIC 












MIN. TYP. MAX. UNIT TEST CONDITIONS 


a ee ao — ee ee eee ae es ———E— 


ton Turn On Time 1.0 MS i Ic=0.5A,!1p,=—Ip7=0.1A 
tstg Storage Time 2.5 Ms | RL = 300 2, Voc +150 V 

tf Fall Time | 1.0 us \ See Test Circuit. 

hFe1 DC Current Gain** 20 80 _ VceE=5.0V,Ic=0.1A 

| HEED DC Current Gain** 10 Vce=5.0V,Ic=05A 























VCE(sat) Collector Saturation Voltage** 1.0 V Ic=O5A,Ip=0.1A 
VBE (sat) Base Saturation Voltage** 1.2 V Ic=O.5A, 1p =0.1A 
VcCEO(SUS) Collector to Emitter Sustaining Voltage 400 V Ic=05A,lgp=0.1 4,L=1mH 
. om me lc =0.5 A, Ilgz7=-—Ip2=0.1 A, T,=125 “C 
V | Col V/ Cc - ‘Bl Bz e ‘d F 
CEX(SUS)1 ollector to Emitter Sustaining Voltage 450 1 460. Clnoed ; 
F ae Ic=10A,Ip7=02A,—Ip9=02A 
V Emi | V iC + 'BI «I B2 ‘ 
CEX(SUS)2 Collector to Emitter Sustaining Voltage 400 T= 125°C, L= 180 wH, Clamped 
IcBO Collector Cutoff Current 10 A Veg =400 V,le=0 
ICER Collector Cutoff Current 1.0 m& Vcee=400 V, Ree =51 2,7T3= 125°C 
ICEX1 Collector Cutoff Current 10 uA Vce=400 V,VeeIOFF) = —5.0V 
ICcEx2 Collector Cutoff Current 1.0 mA  “CE= 400 V, VBEIOFF) =—9.0 V, 
| Tg=125 °C 
lEBo Emitter Cutoff Current 10 A Vep=5.0V,Ic=0 





**Pulse Test : PW = 350 us, Duty Cycle = 2 %/Pulsed | 


Classification of h FEI 


[ork [ 





Test Conditions : Vee =5.0V,Ic=0.1A 
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2SC2333 NEC ttectron pevice 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. CASE DERATING CURVE OF SAFE OPERATING 























TEMPERATURE AREA REVERSE BIAS SAFE OPERATING AREA 
xo — 1.0f 
= 
ic 
E : <x 08r 
3 2 | 
2 = < 
A 3 © og 
0 8 a | I 
o <= - | |UD ef el 
é 2 5 0.4 i+ tes 
at = } «22 
3 c oO | ,CLEC | 
= l — wo oo , 
z QO LP 0.2 | oe es ee we 
5 = | mee 
a o 
5 oO 50 100 150 a) 100 «62000 300s: 4000 500 
Tc--Case Temperature— °C Tc Case Temperature — °C Vee Collector to Emitter Voltage V 
COLLECTOR CURRENT vs. COLLECTOR 
FORWARD BIAS SAFE OPERATING AREA TRANSIENT THERMAL RESISTANCE TO EMITTER VOLTAGE 
> : 
2 < 
x 
= i E 
® : 
: : 
7 See |e i 5 0. a: 
S) — Oo 
le a — 4 
5 s 2 es 
8 = a Fey 
~ 2 8 A= 
° ii are aa 
Oo > i) eT 
= | 
10 = 4 
1 2 5 10 20 50 100200 500 ow 1 02 05 1 2 5 10 20 50 100 
VCE Collector to Emitter Voltage V PW—Pulse Width—ms VCE Collector to Emitter Voltage V 
> 
DC CURRENT GAIN vs, COLLECTOR TURN ON TIME,STORAGE TIME AND 4 BASE AND COLLECTOR SATURATION 
CURRENT FALL TIME vs. COLLECTOR CURRENT & = WOLTAGE vs. COLLECTOR R CURRENT 
3 
a 
c ee ss 
f a 
5 2 = FE & 
— — wo “ a ~ + - 
c a as SS 
= c@e bs — 05-7 —H 
eae Bw 02 
= Ss oS 8 
er a om ol] Seberereects 
7% « | Oc ee 0.05 mae sito asa 
c on 4 ; tt 
ba aaa Saas a HH coo 
ee Pa ie 
| mail Pulsed 2 2 O01 ae il mail 
1 2 § 10 20 50 100200 5001000 10 100 200 500 1000 1.02.0 5.0 10 20 50 100200 5001000 
Ic Collector Current—mA . Collector Current —mA I¢--Collector Current -.mA 
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NEC tcectron vevice 2SC2333 





SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


RL=300 2 






pw 


PW=50 ws 
Duty Cycle <2? % 


T.U.T — 


[= +150 V 


—-VpBp=-5 V 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


The 2SC2335 is NPN silicon triple diffused transistor designed for 


DC-DC converter and ultrasonic appliance 


switching regulator, 
applications. 
® High speed switching. 


® Low collector saturation voltage. 


NPN SILICON POWER TRANSISTOR 


® Specified of reverse biased SOA with inductive loads, 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature 


oe 8 © 5 es * 8 we we ww we ft oe 


Junction Temperature 


Maximum Power Dissipation (T, = 25 °C) 
Total Power Dissipation 


- # 2 &* @ » « © @ & noo 


Maximum Voltages and Currents (T, =25 C) 


Vcso Collector to Base Voltage... . 
VcEO Collector to Emitter Voltage. . 
VeBo Emitter to Base Voltage ..... 
lc(pc) Collector Current (DC) ..... 
IC (pulse) Collector Current (pulse)” ... 
lgs(pc) Base Current(DC) ........ 
* PW sS 300 us, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (T, =25 °C) 


SYMBOL 


tstg 

tf 

NFE1 

NFE2 

hFE3 

VCE (sat) 
VBE (sat) 

| VCEO(suS) 


| VCEX(SUS)1 


| VCEXx(SUS)2 
ICBO 
ICER 
ICEX1 
ICE K2 
lEBO. 


**Pulse Test : PW 


CHARACTERISTIC MIN. 


ar So ae oe 


TYP. 


eee re eee 


Turn On Time 
Storage Time 

Fall Time 

DC Current Gain** 
DC Current Gain** 
DC Current Gain** 
Collector Saturation Voltage** 

Base Saturation Voltage ** 

Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 


Collector Cutoff Current 


Emitter Cutoff Current 


= 350 us, Duty Cycle = 2 %/Pulsed | 


Classification of hres 


Range 


[ree | 
Farse | 





Test Conditions : VceE=5.0V,Ilc=1.0A 
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. —55 to +150°C 
150 °C Maximum 









2SC2335 





PACKAGE DIMENSIONS 


in millimeters (inches) 


MAX. 


‘421 MAX) o MAX. 


i 3.6: 0.2 {0193 MAX). 


—1.3+0.2 


15.9 MAX. 


(0.228 MIN.) |< 
(0.492 MIN. )| (0.626 MAX.) 


(0.252 MAX. } 
12.5 MIN | 





Le wes 40 W 

earn a 500 V 

eee 400V | ealiesoe (6) 
a 7.0V : Fin coleas 
ace ww i TOA EDEC: TO-220AB 
(hades 1IbA 

2 eb fee Woh 3.5A 


MAX. UNIT 


SS SS eee 


1.0 
2.5 
1.0 
80 
80 


1.0 
1.2 





TEST CONDITIONS 

Ic=3.0 A, 1gp1=—Ipo=0.6A 
een aes 
\ See Test Circuit. 
Vce=5.0V,Ic=0.1A 
Vce=5.0V,Ic=10A 
VceE=5.0V,Ic=3.0A 
lc =3.0A,lp=06A 
Ic=3.0A,lp=0.6A 
Ic=3.0A, lp=0.6A,L=1mH 
Ic =3.0A, lpi =—lp2=0.6 A, Tg=125 °C, 
L=180 wH, Clamped 


Ic =6.0 A, ip, =2.0 A, —1p2=0.6A, 
T,=125 °C, L=180 wH, Clamped 


Vcep= 400 V,le=0 

Vce = 400 V, Ree =51 2,T,=125 °C 
Voce = 400 V, VBE(OFF)=—1.5 V 
Voce = 400 V, VBE(OFF)=—1.5V, 


T3= 125° G 


Veg=5.0V,Ic=0 





NEC ELECTRON DEVICE | oe | 2S$C2335 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. DERATING CURVE OF SAFE OPERATING 





AMBIENT TEMPERATURE AREA REVERSE BIAS SAFE OPERATING AREA 
4 se : - : 
= 
E E f a 
s : s COee eee 
: : § CoCo 
. a 5 
3 ro 8 
o os a 
& g r 
C S cS) 
= ni 
Oo. I 
5 oo 50 100 150 0 100. 200 300. 400 500 
Tz —Ambient Temperature—°C Tc—Case Temperature—°C Vce—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. COLLECTOR 
FORWARD BIAS SAFE OPERATING AREA TRANSIENT THERMAL RESISTANCE TO EMITTER VOLTAGE 






































= 
30 Tr pw lee PTH y 50 V 
10 et es SO) 2 sii Sear its a 
—S SS SSS omc PaO Oe sazi:: tt 
=< oc =a as ees a || i ul =f 
ra = | AP 
= be Cc 
= © LO ee a 
S g Fett ‘SSS att sett 8 
3 = meni nal Fails anil a 
3 = pa itl mun = 
= en 1) |i ® 
5 £ 0.1 er Se 2 
. ae a 
¢ es Seti i SHH HE if 
= 0 Otfeeetecn a OS NN : SSR itl Mat iii a7 
e066) ee ee ent eee — | 
0.003 = ani ati AL Th 
1 10 ~ 100 1000 =. 100 
VcE Collector to Emitter Voltage—V ore Bes Wick “mS VceE—Collector to Emitter Voltage—V 
TURN ON TIME, STORAGE TIME AND 
DC CURRENT GAIN vs. COLLECTOR FALL TIME vs. COLLECTOR CURRENT > BASE AND COLLECTOR SATURATION 
CURRENT VOLTAGE vs. COLLECTOR CURRENT 
7 o> le Sa Sic=s 
S20 SS Pueed 
= 
c 4 - Ce i 
& | | > iii il | 
2 ® Sc LORE Vee (sat) St : 
i Ef u 5S ee 
£ aaa i so eet aaw sas 
© OGeE . SS = SSastiiianmaaiiimmrcciiii 
i. . - Of 
8 gee Se 8% on aaa WALL 
| ro? s 32° Eee sili asi 
Ta - ool Oa 
= 2a | | 
the i 
s 
1 
oa 0.01 0 
lous Collector Current—A Ic—Collector Current—A I¢—Collector Current—A 


335 


2SC2335 NEC trectron vevice 


SWITCHING TIME (ton, tetg, te) TEST CIRCUIT 


Veos 150 Vv 
teal 


PW=50 us 
Duty Cyclex? %, 





—Vee=—-5 V 





ton tste tf 
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Dd) 





ELECTRON DEVICE 





DESCRIPTION The 2SC2352 is an NPN silicon epitaxial transistor intended 
for use as a VHF mixer in a tuner of a TV receiver. The 


device features are high conversion gain and low distortion. 


FEATURES | ® Low C,,..: 0.4 pF TYP. 
| @ High conversi6n gain. : 15 dB TYP. 


@® Excellent hge linearity. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ............ —55 to #125 °C 
Junction Temperature ......... +125 °C Maximum 


Maximum Power Dissipation (Ta = 25 “C} 


Total Power Dissipation.............. 250 mW 
Maximum Voltages and Currents (Ta= 25°C) _ 

Vepo Collector to Base Voltage........ 30 V 

Vceo Collector to Emitter Voltage...... 20 V 

Vepo Emitter to Base Voltage........ -40 #V 

le Collector LANTENE 2o°5.6 «« ae Swans 30 mA 

lp Base Current... 26208 esse ess 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 





SYMBOL CHARACTERISTIC - 





DC Current Gain 
Gain Bandwidth Product 
Feed Back Capacitance 


Conversion Gain 


IcBO Collector Cutoff Current 
VCE(sat} Collector Saturation Voltage 


Classification of hfe 





60-120 100— 200 


hee Test Conditions: Vce=10 V, lc=5.0 mA 





NPN SILICON TRANSISTOR 





2SC2352 


PACKAGE DIMENSIONS 


in millimeters (inches! 


5.eMAXx. 
(O.204MAX.) , 
~-—_ 






re 
+4 
ja S 
' 3 = 
in = 
; & 
0.45 | 
= 172) = 
z (0.018) Zz 
= |= = 
: i = 
25 I 
Is ' a 
-« 
“ae 
pm © 
- Oo 
ie & 
# jae 
la i 
ry 
it 
ca 


. BASE EIAJ : SC-43B 


. EMITTER IEC : PASS 
. COLLECTOR JEDEC : TO-92 








TEST CONDITIONS 





Vce=10 V, Ic=5.0 mA 
Vce=10 V, le=—5.0 mA 
Vcp=10 V, le=0, f=1.0 MHz 
Vce=10 V, le=—5.0 mA 
f=200 MHz, f.=258 MHz 
Vcp=20 V, le=0 

Ic=10 MA, IB=1.0 mA 
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2SC2352 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


8 









PT—Total Power Dissipation— mW 


25 co 75 100. 128 
Ta—Ambient Temperature—°C 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


ff —Gain Bandwidth Product—MHz 





VBE(sat)— Base Saturation Voltage—V 
VCE(sat)— Collector Saturation Voltage—V 


lc —Collector Current—mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


ic Collector Current— mA 


Zoe— Output Conductance —mS 
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boe— Output Susceptance—mS 


0.5 





1 2 5 10 20 
I¢—Collector Current—mA 


gre — Reverse Transfer Conductance—mS 
bra—Reverse Transfer Susceptance—mS 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





VceE—Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


1 200 


1 000 


800 





—50 —100 


—20 
l— —Emitter Current—mA 


-1 -2  —5 —10 


REVERSE TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 





05 | 2 5 10 #20  °&£§50 
Ic—Collector Current —mA 


NE Cc ELECTRON DEVICE 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





1 000 a —— ia : ror 
— a  Vvce=10 V 
Seo a 
- soot oo 
a HH - +4 + rT iil 
ia phe TT 
r= mu an 
og 200k wna TI 
E || meni 
3 LU 
(3 | ae ne 
ra — 
: on 
Ww 50) } 1] 
LL ri 
u | 
20—— Fh 





051 2 +5 10 


7 

| 
0.1 0.2 20 
lc —Collector Current—mA 


FEED BACK CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


5 


Ih 


0.5 


Cre—Feed Back Capacitance — pF 






O.1L Liil 
0.102 05 1 2 2 10 2 50 100 


Vep—Collector to Base Voltage—V 





FORWARD TRANSFER ADMITTANCE 
vs. COLLECTOR CURRENT 







200 
if | 
TT 
Ht 
100) | | | | + TL 
ae 
0 | ae 
| lt | 


ie 


us 
= 


fe —Forward Transfer Conductance—mS 
bfe—Forward Transfer Susceptance —mS 


05 1 2 5 10 20 50 
lc ~ Collector Current—mA 


NEC ELECTRON DEVICE 


INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


£ie—Input Conductance—mS 
bie—Input Susceptance —mS 





05. 1 2 5 10 2 50 
lc Collector Current— mA 


CONVERSION GAIN TEST CIRCUIT 





OUTPUT 


L1.0.6mmU.EW5.0¢@ 4T 
L?,.0.6 mm U.EW5.0¢6 4T 
L3. 0.3 mm U.EW 6.0 @ 11T 


2SC2352 
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NPN SILICON TRANSISTOR 


2SC2353 






E 


ELECTRON DEVICE 








DESCRIPTION The 25C2353 is specially designed for use as VHF and UHF ~% eee eg 
mixer in a tuner of TV receiver. The influence of mirror PACKAGE DIMENSIONS 
effect is little by balanced base, in millimeters (inches] 
zz 
FEATURES .. Packaged in tiny plastic mold package. |3o ee | 
_* at = = 


Low noise. NF : 4:0 dB (TYP.) 
High conversion gain. G,, : 12.5 dB (TYP.) 4 








| | 
te 








Balanced base. 6.0 MIN. = 100MIN. 
(0.158 MIN.) =e (0.394 MIN.) 
ABSOLUTE MAXIMUM RATINGS 8 0.65 10028 — 
Maximum Temperatures ~ a i 18 
Storage Temperature............. , —55 to +125 °C = | 5 ae = 
Junction Temperature ........... +125 °C Maximum é & : 
Maximum Power Dissipation (Ta=25 © C) . 2 | 4.0 MAX. 
Total Power Dissipation................- 200 mW ms ier 
Maximum Voltages and Currents (Ta=25 °C) 
Vespo Collector to Base Voltage........... 30_ V 1. BASE 
Vceo Collector to Emitter Voltage ........ 14 V “i eee 
Vepo Emitter to Base Voltage............ 3.0 V > COLEECTOR 
lc Gollector Currant . oi. seas ees Pes 50 mA 
Ip Base GUSNE ete ~ eas Ge ois boas 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC MIN, TYP. MAX, UNIT TEST CONDITIONS 

hFE DC Current Gain 60 100 180 Vce=10 V, Ic=5.0 mA 

fT Gain Bandwidth Product 1.5 2.3 GHz Vce=10 V, le=—5.0 mA 

Cob Output Capacitance 0.85 1.0 pF Vcp=10 V, le=0, f=1 MHz 

NF Noise Figure 4.0 5.0 dB Vce=10 V, le=—5.0 mA, f=900 MHz 

Gob Power Gain 14 16 dB Vcp=10 V, l—E=—5.0 mA, f=900 MHz 
fRe=900 MHz, fLoc=930 MHz 

Geb Conversion Gain 10 12.5 dB ) VcBe=10 V, le=—-5.0 mA 
Local level=110 mV 


IcBo Collector Cutoff Current 0.1 uA Vce=15 V, le=0 


Classification of hFe 





hee Test Conditions : VceE=10 V, [c=5.0 mA 
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| NEC ELECTRON DEVICE | 2SC2353 





TYPICAL CHARACTERISTICS (Ta = 25 °C) 









TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 
PT =200 mW a 
= - 160+ —4—-+-—— 
%, 140 
L r ah Gi = 16 
2 ~ | 
rs € — 1207— 3 
% With Fin) 2 | we 5 
; é 0 : 
o Ss 80 5 
5 , : — 5 8 
— a : H = 
8 oe oO 
° | : = tA) | 4 
ni oy 9 
| Ig=20 wA— 
a ares 
0 4 3 12 16 20 0 0,2 0.4 0.6 0.8 1.0 
Ta—Ambient Temperature —“C VCE —Collector to Emitter Voltage—V VBE —Base to Emitter Voltage—V 
GAIN BANDWIDTH PRODUCT vs. DC CURRENT GAIN‘vs. QUTPUT CAPACITANCE vs. 
EMITTER CURRENT COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 








mh 

ae 

= uw 

| .— a 

o e = 

o = £ 

5 8 3 

‘ 1 

FS 4 oO 

2 | 5 

a - Li = 

3 | i} it | | + | l 

a ee} — td a Jhb fated ; —Ss es Tt on — 5 | 
: | , | | | | 2 

-— | caeeeeees ema eee) ee FS Se ee ee, eee ee ra 

= a LTH 3 8 rr o| | | 
“1,0 -2.0 —-§.0 -10 ~20 —30 lc —Collector Current—mA “| 24 6 10 8620 3050 

le —Emitter Current—mA Veep —Collector to Base Voltage—\ 


TYPICAL CHARACTERISTICS of “Y" PARAMETERS 















Vib vs. f Y fb vs. 2 
& ib —Conductance—mS [ig=20 mA,” T Tvee=10 vy] 
r . + “| t : * ae 7 . | 
0 20 40 o so 10 ‘0 mal | @ 
Veep =10 V | l w 
mm |g f 
a a 
wu Ss 
100 & e 
g = | # & 
= 600 MHz a @ 
£ "B00 MHz | | a 
1000 MHz-} an 
3 | | 
i | U 
P | o 
T Io s 
2° 0 +20 
is 2th —Conductance — ms. 





0 0.2 0.4 0.6 0.8 1.0 
Bob — Conductance —mS 
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2$C2353 


Yrb VS. f CONVERSION GAIN vs. 
LOCAL OSCILLATOR LEVEL 


rh —Conductance —mS 
-0.5 -04 -0.3 -0.2 -0.1 0 


RF: 900 MHz,75 dBy 





| Local: 930 MHz 
20) Ver =10 V 


Geb —Conversion Gain—dB 


100 110 | 120 
Local Level—dByuV¥ 





900 MHz Gy Test Circuit 





IF OUT 50 2 
; 
+p —1 000, = 
LOCAL IN 
50 2 
L2 


1 mm 


+B(10 V) 


—_-- 


trt2 Qo) 


—- 


———19 mM ——- 


L2 9T 5mm ¢ 
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NEC ELECTRON DEVICE 








i 


ELECTRON DEVICE 





DESCRIPTION 


FEATURES 






2SC2368 is designed for High frequency Low Noise Ampli- 


fier. 


@NF 2508 TCP, 
@eMAG 17dB TYP. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature 

Junction Temperature 
Maximum Power Dissipation (Ta=25 °C) 

Total Power Dissipation 


Maximum Voltages and Current (Ta=25 = 


@ 500 MHz 
@ 500 MHz 


-_ : 2 5 ©» 8 wo Bb Bw Bw 8 


_ 2 es 2 wo FF ww 


2 @ = 8 © 8 # ee 2 ww Bw @ 


Vepo Collector to Base Voltage 


Veeo Collector to Emitter Voltage .. . 


Vepo Emitter to Base Voltage 


le Collector Current 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


—_—-— —-— --—-- 


oY MBOL 


= ee 


NFE 
'T 
Cob 
ISz:e|? 
NE 
MAG 
ICBO 
lEBO 





Emitter Cutoff Current 


CHARACTERISTIC 


DOC Current Gain 

Gain Bandwidth Product 
Output Capacitance 
Insertion Power Gain 
Noise Figure 

Maximum Available Gain 


Collector Cutoff Current 





MIN. 
40 


._ & # & © ef 


Vr. 


2.8 
0.7 
14.5 
2a 
7 


a - 


0.1 


250 mW 
30 V 
14 V 
3.0 VV 
50 mA 
MAX. UNIT 
200 
GHz 
1.0 pF 
d6 
3.5 dB 
dB 
0.1 uA 
LA 





NPN SILICON TRANSISTOR 


2SC2368 


PACKAGE DIMENSIONS 


| in millimeters (inches) 










| ze 
} = = a 
= a 
los in © 
oo Mo o 
eee ee .e 
| 4.0 MIN [= 10.0 MIN 
(0.158MIN» |i} TEE (0.394 MIN} 
Pe 
SLY Le 
= le 
| 2 0.65 (0.026) * 
= MARKING = 
| 2 S | 
<5 Sat 
= = | [es | i 
| = @4.0MAX. 
| = (90.157 MAX.) | 
| fe 
| | 
| | 
1. EMITTER 
| 2. BASE 
3. EMITTER 
| 4. COLLECTOR 
| eee eer ee A | 


TEST CONDITIONS 


Vee=10 V, lc=10 mA 

Vce=10 V, le=10 mA 

Vep=10 V, le=0, f=1.0 MHz 
Vce=10 V, lc=10 mA, f=500 MHz 
Vce=10 V, Ica mA, f=500 MHz 
Vce=10 V, le=10 mA, f=500 MHz 
Vep=15 V, le=0 
Vep=2.0 V, lc=0 
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28SC2368 NEC trectron pevice 





TYPICAL CHARACTERISTICS (Ta=25 °C) 








TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 
= 
= 
5 é £ 
S “a 
a ¢ re 
a 5 ~ 
_ oo = 
a i = 
5 ’ 2 es) 
a o a 
3S o 
: , & 
— 
= 
o | | 
G 50 100 150 200 280 O05 06 07 028 Oo “D5 1 9 5 10 20 BO 
Ta—Ambient Temperature — °C Vag — Base to Emitter Voltage ~ V ic Collector Current~ mA 
GAIN BANDWIDTH PRODUCT vs. INSERTION GAIN vs. OUTPUT CAPACITANCE vs. 
EMITTER CURRENT COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
3 
= += =1.0 MHz 
& és 4 
ia Tj 
¥ 2 
a = Fa 
S . s 
a - 8 
£ = a 
: 3 : 
= = 5 
3 i 2 
m = 
— = 
S s 8 
wn uy 
= 
le—Emitter Current—mA, Ic - Collector Current — mA YVog Collector ta Base Voltage -— V 
NOISE FIGURE vs. NF, Ga vs. COLLECTOR CURRENT 


COLLECTOR CURRENT 


f=500 MHz 

* . - wo 

! ao 
ao | a] vc 

aa] 

o £ 
= — = 3 
5 3 8 
= ss) 
we a & 
a + 
% DP 3 

A. o 

S = 
ic ei 
| <= 
Li , 
Le = i 
z & 





Ie Collector Current— mA 


Ic -Colléctor Current — mA 
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NPN SILICON TRANSISTOR 


2SC2369 





E 





ELECTRON DEVICE 





DESCRIPTION 2SC2369 is designed for High frequency Low Noise Ampli- 
PACKAGE DIMENSIONS 









fier. 
P in millimeters (inches) 
FEATURES eNF 15dB TYP. @ f=1.0 GHz ; 722 
~~, == 
a ®MAG 14dB. TYP. @ f=1.0 GHz log S 













ABSOLUTE MAXIMUM RATINGS ae z2 ee | 
Maximum Temperatures 3 | 2 
Storage Temperature ....... _. 65 to +150 °C B cote © 
Junction Temperature ........ +150°C Maximum 2 pecalelo lee 





ra ms] 
' _! 


Maximum Power Dissipation (Ta=2'5 ~C) 





Total Power Dissipation ............. 250 mW 
Maximum Voltages and Current (Ta=25 °C) 
Vceo Collector to Base Voltage ...... 25 V 
Vceo Collector to Emitter Voltage ...7_12 VV 
Vepo Emitter to Base Voltage....... 3.0 V 
le Collector Current ....... .... 70 mA « COLLECTOR 





ELECTRICAL CHARACTERISTICS (Ta=25 “C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
hee DC Current Gain 40) 20C Vce=10 V, lc=20 mA 
fr Gain Bandwidth Product 4.5 GHz Vce=10 V, lp=20 mA 
Cob Output Capacitance 0.75 1.0 pF Vcpz10 V, le=0, f=1.0 MHz 
iS2ie|? insertion Power Gain s) 11 dB Vce=10 V, 1c=20 mA, f=1.0 GHz 
NF Noise Figure 1.5 3.0 dB Vce=10 V, Ic=5 mA, f=1.0 GHz 
MAG Maximum Available Gain 14 dB Vee=10 V, le=20 mA, f=1.0 GHz 
icBO Collector Cutoff Current 0.1 yA Vcp=15 V, Ie=0 
lEBO Emitter Cutoff Current 0.1 LA Vep=2.0 V, lc=0 
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2SC2369 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


— mn 






Py ~ Total Power Dissipation 


0 50. 100 150 
Ta~Ambient Temperature ~°C 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


GHz 


fy Gain Bandwidth Product: 


50 70 


ay af 
2 lO = 20 


oF 
in 
pam 
RO 


l—-—Emitter Current—mA 


NOISE FIGURE vs. 
COLLECTOR CURRENT 


NF —Noise Figure - dB 





05 1 2 5 10 20 


lc ~ Collector Current —mA 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





70 I ’ = 
59+—_+——_— Vee =10 V 
<x $$ er —_ 
E 
270 i uae aa eames 
e 
a 
ee a Ser oe 
cS = ——— _— — ne 
= 5 — ——a ee ee ee em 
oO od 7 DE ES —= . _ 
a oe r--—- a . ~~ 
2 ? _— ™ = ——+- Sine ne 
2 IK} + ——— 
0.5L a ST Oe Te Kae a — 
0.5 0.6 0.7 O.8 0.9 
VBE Base to Emitter Voltage ~ ¥ 
INSERTION GAIN vs. 
COLLECTOR CURRENT™ 
aa] 
=) 
[= 
i] 
oo 
|. ag 
2 
@ 
= 
od 
a 
os 
on 
05 1 2 5 10 20 50 70 
le —Collector Current— mA 
oo 
+) 
ial 
a 
Lie 
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o 
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Lio 
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5 7 10, 30 
le Collector Current — ma 


! 3 


dR 


Ga- Associated Gain 


DC Current Gain 


NEE 


pF 


Cob Output Capacitance - 


NV. KE Cc ELECTRON DEVICE 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


200 


100 





Ic ~ Collector Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


“ 





0 05 1 2 5 10 20 30 


Yep Collector to Base Voltage —V 


NEC 


ELECTRON DEVICE 











DESCRIPTION The 2SC2407 is designed for UHF and VHF amplifier. 


© Pour: 160 mW TYP. @f=500 MHz, Vcc=12.6 V 
P;=5 mW (Class B) 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature 


Junction Temperature 


Maximum Power Dissipation (Ta=25 ~ C) 


Total Power Dissipation. ............... 600 mW 
Maximum Voltages and Currents (Ta=25 °C) 
Vcespo Collector to Base Voltage ....... .. 35 V 
Vceo Collector to Emitter Voltage....... 18 V 
Vepo Emitter to Base Voltage ......... 30 ¥ 
le Collector Current ...........-.-.- 150 mA 
lp Base Current .. 0... 0.00 ce ees 50 mA 
ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT 
hee DC Current Gain 20 60 200 
Cob Output Capacitance 1.0 70 pF 
Pout Output Power 20 22 dBm 
IcBo Collector Cutoff Current 0.5 wA 
lEBO 


Emitter Cutoff Current 0.5 LA 


NPN SILICON TRANSISTOR 


2SC2407 








PACKAGE DIMENSIONS 


in millimeters (inches) 


5 2MAX, 
(O,204MA™.} 
— ee 








5. 5SMAx 
(0,216MAX,) 


12.7MIN 
(O.5MIN,} 


(0.069MAX.} 
| 
| 
i 


| 


= 
4.2 MAX. 
(0,165MAX.} 


1. BASE EIAJ :SC-43B 
2. EMITTER JEDEC: TO-92 
3. COLLECTOR IEC :PA33 


TEST CONDITIONS 


Vce=10 V, lc=50 mA 

Vce=10 V, le=0, f=1.0 MHz 

Vcc=12.6 V, Pin=7 dBm, f=500 MHz (Class B) 
Vce=20 V, le=0 


Ves=2.0 V, Ic=0 
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2SC2407 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


= 


P7—Total Power Dissipation—W 





100125 —Ss«150 


Ta—Ambient Temperature —°C 


i 25 50 75. 


TYPICAL “S” PARAMETERS 
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hee —DOC Current Gain 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


pod, [| T [ce=ioe 


Ic —Collector Current—mA 


INSERTION POWER GAIN AND 
MAXIMUM AVAILABLE GAIN vs. 
FREQUENCY 


'Seie|* —Insertion Power Gain—dB 
MAG —Maximum Available Gain—dB 


0.4 
f— Frequency -GHz 


0.2 








0.81.0 2.0 


Cob Output Capacitance — pF 


NV EK Cc ELECTRON DEVIC 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 








Pout — Output Power —dBm 


6 810 20 
Vcgp—Collector to Base Voltage—V 


OUTPUT POWER AND COLLECTOR 
EFFICIENCY vs. INPUT POWER 





Pin—Input Power —dBm 


7¢—Collector Ffficiency — % 


NEC 


ELECTRON DEVICE 





DESCRIPTION 25C2408 is designed for High frequency Wide Band Amplifier. 
FEATURES @ |So1./7 : 21dBTYP. @200 MHz 
e NF :2.4dBTYP. @200 MHz 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature .......... 


Junction Temperature ......... 


Maximum Power Dissipation (Ta=25 ~C) 


Total Power Dissipation........ | 


Maximum Voltages and Current (Ta=25 °C) 


Vcpo Collector to Base Voltage... 
Vceo Collector to Emitter Voltage 
Vepo Emitter to Base Voltage... 
Ic Collector Current ...... 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC 

. DC Current Gain 

Gain Bandwidth Product 


Output Capacitance 


Insertion Power Gain 


Noise Figure 


Collector Cutoff Current 
Emitter Cutoff Current 





NPN SILICON TRANSISTOR 


2S5C2408 








| PACKAGE DIMENSIONS 


| in millimeters (inches} 


B.2MAX. 
IO.204MAX) , 
— 


5 SMA, 
(0.2 16MAX,) 





igs 
38 
Se 8 Bh 
Nn r lw _ — ’ - 
1 77MAX = 's 
0. 069MAX.) 
~ 
12./Mil 
(0. AMIN 





~ 2 ese eee 800 MW . 
(0.0 i ie 
is 4 
* . © © w & 35 V Ne 
1S 
aah ee 18 #V 
Bak eae tae 3.0 V 
1. BASE EIAJ : $C-436 
sede eee ee 150 mA 2. EMITTER 


3. COLLECTOR 


JEDEC : To-92 
: IEC ‘PASS 


TEST CONDITIONS 


Vce=10 V, |lc=50 mA 

Vce=10 V, ipe=50 mA 

Vcp=10 V, ie=0, f=200 MHz 
VceE=10 V, Ilc=50 mA, f=200 MHz, 
RG=50 2 

Vce=10 V, |c=30 mA, f=200 MHz, 
Roe=50 

Vcep=20 V, le=0 

Veeg=2.0 V, lc=0 
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2SC2408 - | _ | NEC trectron vevice 








TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION OUTPUT CAPACITANCE vs. DC CURRENT GAIN vs. 
vs. AMBIENT TEMPERATURE COLLECTOR TO BASE VOLTAGE . COLLECTOR CURRENT 


heat sink | 3.0 









sis 
a 





| J ‘ ct 
— oe = iO = 






a 
Aluminium 


Cop — Output Capacitance — pF 
[ a) 
mn 

hee —DC Current Gain 





Py -Total Power Dissipation —mWw 








0.2 10 " 
=| i 5 7 10 20 30 450 100 
| In —Collector Current— mA 
) 80 — 1002—~—~*«CN2S 0 1 2  & 6810 20 30 ; 
Ta—Ambient Temperature —"C Ven — Collector to Base Voltage -V 
GAIN BANDWIDTH PRODUCT vs. NOISE FIGURE, ASSOCIATED GAIN vs, INSERTION GAIN, MAXIMUM AVAILABLE 
EMITTER CURRENT COLLECTOR CURRENT GAIN vs. FREQUENCY 
R . 
6 40+ a S 
i age oO ta ao | 
— " ™ 1 
oO | 1 
3 . c £ § 20 
© 20 5 & 34 
a A . 
| u e ¢s 
5 , 5 8% 
= 10 2 s é@$ 
TH ao 
oO | 2 = § 10}+— 
Li 5 Cc 
<= 0.5 = Z = 
7 ss = & 
o = LE: 
| nm | 
= | ; — — 0 “@ x | 
0.2 | l 3 5 7 10 30 a £ | 
$05 7 10 0 20 30) 50:70 100 lc —Collector Current—mA os | | | 
le—Emiiter Current—mA 0 0.1 0.2 04 060810 2 
f— Frequency — GHz 
INTER MODULATION DISTORTION vs. TYPICAL “S"” PARAMETER 


COLLECTOR CURRENT 
—60 





Vee =10 w 
Ic =50 mA 
29=50 9 


IM2— 2nd Inter Modulation 
Distortion — dB 


“20. «#30 #40 °«=50 60 70 
I¢ -Collector Current— mA 


INTER MODULATION DISTORTION vs. 
COLLECTOR CURRENT 





Ss -80 
s 
a 

. 
ms 7 Vce=10 V 
— 4 — RL=75Q . 
- © —60 L 
Z s | Vo=110 dByV 
= fy=190 MHz 
hd w fo=200 MHz 
tsi 
im 
= 


lc —Collector Current—mA 
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NPN SILICON POWER TRANSISTOR 


2SC2518 





EK 


ELECTRON DEVICE 









ELECTRICAL CHARACTERISTICS (T, =25 °C) 


SYMBOL 


ton 
- tstg 
| ef 
hFE1 
| hFE2 
| VCE (sat) 
| VBE (sat) 
| VCEO(SUS) 


| VcEX(sUS)1 


VCEX(SUS)2 
| IcBo 

| 'CER 

| ICEX1 

| ICEX2 

| 'EBO 


**Pulse Test : P 


* PW = 300 us, Duty Cycle =< 10% 


CHARACTERISTIC MAX, 
Turn On Time 1.0 
Storage Time 2.0 
Fall Time 0.7 
DC Current Gain** 80 
DC Current Gain** 

Collector Saturation Voltage* * 1,0 
Base Saturation Voltage** 1.5 
Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 


Collector Cutoff Current 


Emitter Cutoff Current 


W s 350 us, Duty Cycle = 2 %/Pulsed 


UNIT 





DESCRIPTION The 2SC2518 is NPN triple diffused transistor designed for | 
switching regulator, DC-DC converter and ultrasonic appliance ap- PACKAGE DIMENSIONS 
oe in millimeters (inches) 
plications? 
FEATURES ® High speed, high voltage switching. ere 
; © (0.421 MAX.) ‘i168 MAX) 
. ® Low collector saturation voltage. : Boar: a 
. ® Specified of reverse biased SOA with inductive loads. 22% “Yoost) 
: z22 
ABSOLUTE MAXIMUM RATINGS NaS 
Maximum Temperatures = = 
Storage Temperature. ..........00-. —55 to +150 °C 13.02 2 == 
Junction Temperature ............. 150°C Maximum | og+o3 aS 
(0.031) _ 
Maximum Power Dissipation (T, = 25 a 2.54 254 
Total Power Dissipation. ............0000. 40 W 
Maximum Voltages and Currents(T, =25 C) 
Vcso Collector to Base Voltage. ......... 500 V 1. Base (B) 
2. Collector (C) 
VcEO Collector to Emitter Voltage........ 400 V 3, Emitter (E) 
; 4. Fin (Collector) 
VEBO Emitter to Base Voltage ..... ee eo 8.0 V JEDEC: TO-220AB 
lc(pc) Collector Current (DC) ........... 5.0 A 
lc (pulse) Collector Current (pulse)*” ......... 10 A 
Is(ipc) Base Current (DC) ..........%... 25 A 





TEST CONDITIONS 


‘Ic =2.0A,Ip1=—Ip2=0.4A 

RL =752,Vec=150 V 
\ See Test Circuit. 
VcE=5.0V,Ic=0.5A 
Vce=50V,ic=20A 
Ic=20A,Ip=04A 
Ic=2.0A,lp=04A 
Ic=2.0A4,|l—p=0.4A,L=1mH 
ic=2.0A,1p,=—!p9=04A,T,= 125°C, 
L=180 wH, Clamped 
lc =4.0 4A,1lp,=0.8A,—Ipo=04A, 
T,=125 °C, L=180 wH, Clamped 
Vcp=400 V,le=0 
Vce =400 V, Ree =51 2,T,=125°C 
Voce = 400 V, VBE(OFF) =—1-5 V 
VceE= 400 V, VBE(OFF)=—1-5 V, 
Ta= 125°C 
Vep=5.0V,Ic=0 


Classification of hee, 


ee 





[we | see | woe | 


Test Conditions : Vee = 5.0 V, Ic =0.5A 
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2SC2518 NEC tcectron vevice 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. DERATING CURVE OF 





AMBIENT TEMPERATURE . SAFE OPERATING AREA REVERSE BIAS SAFE OPERATING AREA 
= xe 
: : < 
= = 
a rs € 
3 3 3 
oO a oO 
5 ‘a 5 
= = = 
é : E 
g 8 Si) 
© ot | 
a 
7 o = 
o m 
0 50 100 150 S 100 200 300 40 
Tag—Ambient Temperature— °C Te—Case Temperature — °C VceE—Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 









































FORWARD BIAS SAFE OPERATING AREA {Se a RESISTANCE COLLECTOR TO EMITTER VOLTAGE 
= 
Oo | < 
T es oT hae tl i 4 aL 
om aii au sn p ft 
Hf eee! 8 ez 
= a ro : 
S ec o Pe uit Seti co 3 EA oe 
eo rr 2 
3 ee E 0.1 fie er : ie 
oO SL S Feet oO VT 
Ss EBS an 
| - LNT L001 Corn Ed axa 
1 2 5 10 20 50100200 500 1000 S Ol 1.0 100 1000 0 2 4 6 8 10 
VceE--Collector to Emitter Voltage—V as PW—Pulse Width—-ms Vce—Collector to Emitter Voltage—V 
DC CURRENT GAIN vs. TURN ON, STORAGE AND FALL BASE AND COLLECTOR SATURATION 
COLLECTOR eiedhaia ts TIME vs. -COLLECTOR CURRENT VO ere COLLECTOR CURRENT 
==== SS ~ => — tt 
io oaeaii VCE=5 ¥V SES c= 9*1B1 =~ 9°12 | 5] == SHE ee IC=S-lB| 
ore Pulsed t+ Pulsed, Voc= 150 VI w 
c ian mul ow — eee 2 > | 
7 Tt HOTT on +44. =| of 
2 2 a | Ss ap : 
Cc — = un meee ee ae Sess| ne! —— i i a a i 
: ott Se Sati 5 & = = é : iets St 
2 gh st COME Tn SE & 5 
ra) | 28 ae 
) ros I ——— a a= 55 
i ee ee: | 0 
= Soe | 05--—— 23 
Fe =— rad 
0.2 7% 0.02 
l 0.1 tS 0.01 
0.01 0.02 0.050102 05 1 2 0.1 0.2 10 & om 0.01002 0.050102 05 1 2 5 10 
I¢- Collector Current—A iC Collector Current-—-A bd uy Ic—Collector Current—A 
>> 
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NEC ELECTRON DEVICE 2 SC 2 5 1 g 


SWITCHING TIME (top, tstg, tr) TEST CIRCUIT 


RL=75 Q 


iar 


. dL 
few] 


PW+50 ws 
Duty Cycles2 % —Veaa+-5 V 


Voc 7150 V 
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ELECTRON DEVICE 


NPN 









DESCRIPTION The 2SC2570A is designed for use in Low Noise Amplifier of 
VHF & UHF stages. 
FEATURES @ Low Noise and High Gain. 
= NF=1.50B TYP. @Vcg=10 V, Ic=5.0 mA, f=1.0 GHz 
Ga= 8dBTYP’ 
® Wide Dynamic Range. 
aeliaacbes @f=1 GHz, Voe=10 V, Ig=15 mA 
Ga= 9dB 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature....... ..... —65 to +150 °C 

Junction Temperature ........ _ +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 

Total Power Dissipation ............006. 600 mW 
Maxinium Voltages and Current (Ta=25 ‘C) - 

Vepo Collector to Base Voltage .........- 25 V 

Vceo Collector to Emitter Voltage ......12 V 

Vego Emitter to Base Voltage.........-3.0 V 

Ic Collector Current .....2000s5e8s 70 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL 














hre DC Current Gain 40 200 
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SILICON TRANSISTOR 


2SC2570A 


CHARACTERISTIC MIN. TYP. MAX. UNIT 


Vce=10 V, lc=20 mA 


fT Gain Bandwidth Product 5.0 GHz 
Cob* Output Capacitance 0.7 0.9 pF 
ISa1el" Insertion Power Gain 8 10 dB 
NEF Noise Figure 1.5 3.0 dB 
MAG Maximum Available Gain 11.5 dB 
IcBo Collector Cutoff Current 0.1 uA 


lEBO Emitter Cutoff Current 0.1 LA Vep=2.0 V, lc=0 


* The emitter and case terminal should be connectéd to the guard terminal of the capacitance bridge. 









Be a 


PACKAGE DIMENSIONS 


in millimeters (inches) 


(0.204MA% | 
[se ——_—_-—"-} 
| 






| 
| 
| 
5.2MAX, 








<i 

= 

32 

5 

i 

: if 5 \23 

, a, 

x f = & 

2.54 _ $2 + 

(0.10) »—4—+1 ~ © 
27 —s =| -oc 


L,! 





(0. 165MA x} 


1. BASE EIAJ : $C-43B 
2. EMITTER JEDEC :TO-32 
3. COLLECTOR JEC : PA33 









TEST CONDITIONS 


Vce=10 V, le=20 mA 

Ve g=10 V, |_e=0, f=1.0 MHz 
Vce=10 V, lc=20 mA, f=1.0 GHz 
Vce=10 V, lce=5 mA, f=1.0 GHz 
Vce=10 V, lc=20 mA, f=1.0 GHz 
Vep=15 V, !_=0 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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ao 200 
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0 50 100 150 200 & ] — 
Ta~Ambient Temperature -°C 0.5 ES MEETS] REST 
0.5 0.6 OF 0.8 0.4 
Vee —Base to Emitter Voltage -V 
GAIN BANDWIDTH PRODUCT vs. INSERTION GAIN vs. 
EMIT TE Senet COLLECTOR CURRENT 
; 
x5 
= pea 
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5 | 
S 2 weal & 
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: : 
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i | | | | | | ft | jf |i tity 
o.5 ] 5 10 50 70 05 1 5 10 50 70 
le—Emitter Current—mA i¢ ~Collector Current —mA 
NOISE FIGURE vs. INSERTION GAIN, MAXIMUM AVAILABLE 
COLLECTOR CURRENT GAIN vs. FREQUENCY 
i a 
a= Vee =10 V 
6 P ic=5 ma 
z Sg OT ry 
| 5 TT Qe ] 
2 ot 8 < 
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i ‘ Lit a ee a ae z ad 
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lc -Collector Current -mA 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 








Q 01 0.2 04 060810 2 
f — Frequency — GHz 


Cib — Input Capacitance — pF 
Cob— Output Capacitance — pF 


Maximum Available Gain — dB 


Gmax. 


hee —DC Current Gain 


2SC2570A 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


Vee=10 V 


——_———E—_E EE EE——EEEE———_————————e 


— ee ee ee ee 


a ee eee | 
NO SS ee 


| 
ee I EE EE eee ee 


| 
Ne SS 


pe ee 
1 
— ee er 


—————E—EE—EEE—E————————— 





5 i “5 To ~~ $0 
l¢ ~ Collector Current —mA 


OUTPUT AND INPUT 
CAPACITANCE vs. REVERSE VOLTAGE 


2 






f=1.0 MHz 


oo 


0 51 2 5 10 20 30 
VERB Emitter to Base Voltage—V 


Vcp~ Collector ta Base Voltage --V 


INSERTION GAIN, MAXIMUM AVAILABLE 
GAIN vs. FREQUENCY 


Vere=10 V 
Ie=20 mA 
20 


10 


ISatelé—Insertion Gain — dB 


0 — O1 0.2 04 060810 2 
f —Frequency — GHz 
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TYPICAL “S” PARAMETERS 
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ELECTRON DEVICE 





NPN SILICON POWER TRANSISTOR 


2SC2682 











DESCRIPTION The 2SC2682 is designed for use in Audio frequency power ) 
PACKAGE DIMENSIONS 















amplifier. 
in millimeters (inches) 
. 8.5 MAX. oe 
FEATURES ® High voltage. Vce9 > 180 V * (0.334 MAX,) Reriae 
®@ Low Cop, High fr D  ["#3.2+0.2(40.126) —~- is X.. | 
a f = 200 MHz, Cop = 3.2 pF 3-H _ 


© Complementary to the NEC 2SA1142 PNP Transistor. 


12.0 MAX. 


_——= 


(0.472 MAX.) 


ABSOLUTE MAXIMUM RATINGS 





Maximum Temperatures (0.047) ‘siz 
Storage Temperature............. -~-65 to +150 C 'sS\= 
Junction Temperature ........... 150 “C Maximum ols 

Maximum Power Dissipations “Is 
Total Power Dissipation (Tg = 25°C) ....... 1.2 W | 0.8998 : ee | 





Total Power Dissipation (Tg = 25°C) ....... 10 W (0.031) |~ 
Maximum Voltages and Current (Tg = 25 °C) 

Veso Collector to Base Voltage ........ 180 V 

VcEO Collector to Emitter Voltage... ....180 V 

VEBO Emitter to Base Voltage ......... 50 V 

le Collector Gurrent 70 cra se 100 mA 






1. Emitter 
2. Collector connected to mounting plane 
3. Base 





ELECTRICAL CHARACTERISTICS (Tg = 25 "C) 
SYMBOL CHARACTERISTIC ; : " TEST CONDITIONS 


| hee DC Current Gain 1 : Vce = 5.0 V, Ie = 1.0 mA* 
| hees DC Current Gain ! Vce = 5.0 V, Ic = 10 mA* 
| fr Gain Bandwidth Product Vce =10V, Ie = 20mA 
Cob Output Capacitance Vcp = 10V, Ie = 0, f = 1.0 MHz 
NF Noise Figure VCE gs ve Ic = slay pide 
Rg = 10 kQ, f = 1.0 kHz 
| IcBo Collector Cutoff Current | Veep = 180 V,le=0 
leEBO Emitter Cutoff Current Vep =3.0V,ic=0 
VCE(sat) Collector Saturation Voltage Ic = 50 mA, Ip = 5.0 mA* 
V BE (sat) Base Saturation Voltage Ic = 50 mA, Ip = 5.0 mA* 











*Pulse Test : PW = 350 ws, Duty Cycle = 2 % 


Classification of hr 
100 to 200 | 160 to 320 


Test Conditions : Vce = 5.0V, Ic =10mA 
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2SC2682 





TYPICAL CHARACTERISTICS (Tg= 25 C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT {Ene Be RE 


Note: 
| 1. Aluminum heat sink of 
—— 1.0 mm thickness. 
| 2. With no insulator film. 
3. Within silicon compound. 





P7—Total Power Dissipation —W 


0 50. 4100  ®# 150 
Tg Ambient Temperature — °C: 


TRANSIENT THERMAL RESISTANCE 


oo 





= eae 
O | 
c =e 
14 sanat 
4H 
ww 
a. 
Q 
Ce 
a 
SE JR 
fees 
ah oon a 
<= 
_— 
| 0.3 
aie 
ob 
Ce 
=] 


° 
—_ 


3 10 30 100 3001000 
SW Pulse Width—ms. 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





041-03. 1 3 i0 30 100 
Ic —Collector Current—mA 


VBE(sat) ~ Base Saturation Voltage —V 
VCE(sat) Collector Saturation Voltage—V 
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dT—Percentage of Rated Current 


DERATING CURVE OF SAFE 
OPERATING AREAS 


9 
— 
i) 
o 


— 
p oo ° 
Oo © o =) 


ho 
o 


50 100 150 
T. Case Temperature— °C 


o 


COLLECTOR CURRENT vs. COLLECTOR 


TO EMITTER VOLTAGE 
100 


mA 


—Collector Current 
fe» 
S 


L 
0 20 40 60 80 100 120 
Vce—Collector to Emitter Voltage—V 

GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURREENT 

y seen 
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Ic —Collector Current —mA 
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NE Gc ELECTRON DEVICE 





SAFE OPERATING AREAS 







nt—mA 
i 
& 
& 


“aS 
o 
oO 


I¢ Collector Curre 
Oo 


3/2. Curves must be derated | 
linearly with increase of [ 
temperature and Duty Cycle) > | 


l 3.610 30 60100 300 
Vce~—Collector to Emitter Voltage—V 





DC CURRENT GAIN AND BASE TO 
EMITTER VOLTAGE vs. COLLECTOR 
CURRENT 


on 


hee DC Current Gain 





l eneeie a : 
0.1 0.3 1 3 10 30 100 
l¢ —Collector Current--mA 


OUTPUT AND INPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


1.0 MHz 
= ‘0 (Cob) 
! Ic =0 (Cib) 


—Input Capacitance — pF 
Cob Output Capacitance — pF 


Cib 





1-3 610 30 60100 300 
Vop Collector to Base Voltage—V 
Veg Emitter to Base Voltage—V 


Wapobees to Emitter Voltage—V 


NEC 


ELECTRON DEVICE 






DESCRIPTION The 2SC2688 is designed for use in Color TV chroma output | 


circuits. 
FEATURES ®@ High Electrostatic-Discharge-Resistance. (E-B reverse bias, 
Has, C=2300 pF) ESDR: TYP. 1000 V 
- @ Low C,,, High fr 


sas = 3.0 pF (Vcp = 30 V} 
fr = 50 MHz (Vee = 30 V, Ie =—10mA) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ............. —55 to +150 °C 

Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Tg= 25°C) ........ 1.25 W 

Total Power Dissipation (T= 25°C) .......... 10 W 
Maximum Voltages and Current (T, = 25 °C) 

Vcso Collector to Base Voltage... -... 300 V 

VcEO Collector to Emitter Voltage..... 300 V 

VeBo Emitter to Base Voltage ........ 5.0 V 

Ic Collector Current ...... i Beh 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


3s YMBOL CHARACTERISTIC MIN. TYP. “MAX. 
hFE DC Current Gain 40 80 250 
fT Gain Bandwidth Product 50 80 
Cre Feedback Capacitance 3.0 
IcBo Collector Cutoff Current 100 
| lEBo Emitter Cutoff Current 100 
VCE(sat) Collector Saturation Voltage 1.5 


*Pulsed PW =350 us, Duty Cycle = 2 % 


Classification of hee 


Tree [TN] [. 
[Ronee | #01080 | 60% 120 | 10010206 


Test Conditions : Vcg = 10 V, I¢=10mA 














K 
160 to 250 


NPN SILICON TRANSISTOR 


SS 






2SC2688 


PACKAGE DIMENSIONS 


in millimeters (inches) 


——_— ij 
@ 3.2 +0.2(¢ 0.126) 
| 


I 






- 3.840.2 (0.149) _ 
“1212.0 MAX. _| 


| 
1.) (0.472 MAX.) 


13.0 MIN. 


2.5+0.21 
(0.098) | 
(0.512 MIN.) 


1. Emitter 
2. Collector connected to mounting plane 
3. Base 


rs 


UNIT TEST CONDITIONS 


Voce = 10V, Io =10maA* 


MHz = Vce =30V, Ig =—10mA 


pF Vcp = 30 V, Ie = 0, f = 1.0 MHz 
nA Veg = 200 V, l_e=0 

nA Verpn =5.0V, Ilc=0 

Vv lc = 50 mA, Ip = 5.0 mA 
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VBE(sat) Base Saturation Voltage—V 


2SC2688 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 


Infinite Heat Sink 


Py—Total Power Dissipation—W 





Oo 25 50 75 100 125 150 
—Ambient Temperature—°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
3.0r 


Collector Current —mA 


Ic 
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TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 


Py—Total Power Dissipation —W 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTE R VOLTAGE 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee —DOC Current 
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FEEDBACK CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 






Cre Feedback Capacitance —pF 
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Veg Collector to Base Voltage—V 


NEC trectron nevice | | | 2SC26 88 





BURNOUT TEST CIRCUIT BY DISCHARGE OF CAPACITOR 


Open COLLECTOR TEST CONDITION 


1) E-B reverse bias 
2) C=2300 pF 
3) Apply one shot pulse to T.U.T. (Transistor Under the Test) by SW. 






| T.U.T. 
| JUDGEMENT 


REJECT; BVEgo waveform defect 
Asa result if T.U.T. is not rejected, apply higher voltage ta 
Capacitor and test again. 


Vq C=2 300 pF 
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NEC 


ELECTRON DEVICE 





2S 





DESCRIPTION The 2SC2690, 2SC2690A are general purpose transistors design- 
ed for use in audio and radio frequency power amplifiers. 
FEATURES ® Suitable for use in driver stage of 50 to 100 W audio ampli- 


fiers and output stage of TV vertical deflection circuit. 
® High Voltage and High fr 
= Vceo = 120 V/160 V (2SC2690, 25C2690A) 
fr = 175 MHz (@Vce =5.0V,Il¢ =0.2 A) 
® Complementary to the NEC 2SA1220, 2SA1220A PNP 
Transistors. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. 
Junction Temperature ........... 
Maximum Power Dissipations 


—55 to +150 °C 
150 °C Maximum 


Total Power Dissipation (Tg = 25°C) ......... 1.2 W 
Total Power Dissipation (Tp = 25°C) .......... 20 W 
Maximum Voltages and Currents (Ta = 25 “C) 

25C2690-2SC2690A 
Vcso Collector to Base Voltage... 120 #160 V 
VcEO Collector to Emitter Voltage. .120 160 V 
Veso Emitter to Base Voltage...... 5.0 V 
Ic(oc) Collector Current....... ieee 1.2 A 
Icipulse) Collector Current........... 2.5 A 
Ipipc) Base GUIRGNT 2o ice xetevek ss 0.3 A 


* PW 510 ms, Duty Cycle =50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 “C) 





CHARACTERISTIC 


| SYMBOL 

| heey ** DC Current Gain 35 150 = 

| heEeo ** DC Current Gain 60 140 320 sa 

| fy Gain Bandwidth Product 175 MHz 
Cob ‘Output Capacitance 26 pF 
IcBo Collector Cutoff Current 1.0 ta) 
lEBO Emitter Cutoff Current 1.0 uA 
VcCE(sat) *" Collector Saturation Voltage 0.4 0.7 Vv 





VBE(sat) ** 
** Pulsed / PW =350 us, Duty Cycle = 2 % 


Base Saturation Voltage 


Classification of hreo 
a 
60to120 | 100to200 | 160 t0320 


Test Condition: Vcg = 5.0 V, Ic =0.3A 










/ 
\ 
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NPN SILICON POWER TRANSISTORS 


C2690,2SC2690A _ 






VcE = 5.0 V, Ic =5.0mMA 







PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 


$32=0.2(60.126) 







2.8 MAX. 
(0.110 MAX.) 






. Emitter 

. Collector connected 
to mounting plane 
3. Base 





TEST CONDITIONS 










Vce =5.0V, 1c =O0.3 A 

Vee =5.0V, 16 =0.24 

Vep = 10 V, le = 0, f = 1.0 MHz 
Vcg = 120 V, le = 0 
Veg =3.0V, lc =0 
lc = 1.0 A, Ip = 0.2 A 
In =1.0A,1p=0.2A 









VcE(sat) Collector Saturation Voltage —V 


NEC trectron vevice 2$C2690,2SC2690A 





TYPICAL CHARACTERISTICS (Tg = 25 °C) 
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EF 


ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


2SC2720 





— 


PACKAGE DIMENSIONS 
in millimeters (inches) 
‘ 5.2 MAX. 
High Frequency Current Gain. | a 


@ 
® High Speed Switching. | | | 
® Small Output Capacitance. | | | 

® Complementary to the NEC 25A1153 PNP transistor. 





DESCRIPTION The 25C2720 is designed for general purpose amplifier and high 
speed switching applications. 7 


FEATURES 


(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 



















Maximum Temperatures z = 
Storage Temperature............. —55 to +150 °C a 
Junction Temperature ........... 150 °C Maximum “2 
Maximum Power Dissipation (T, = 25 “C) 
Total Power Dissipation ............. 600 mW i, 
Maximum Voltages and Current (T, = 25 °C) 3 & 
Vcpo Collector to Base Voltage....... 60 #£V a 8 
Vceo Collector to Emitter Voltage..... 40 V Ss 
Vepo Emitter to Base Voltage........ 5.0 V 1. EMITTER EIAJ : S$C-43B | 
| , eee ; A 2. BASE JEDEC : TO-92 | 
lc Sanerrat SUR EOE em 3. COLLECTOR IEC :PA33~ | 
ree ee I 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL —s CHARACTERISTIC _ MIN. , _ TEST CONDITIONS 


a ee 


ton Turn-on Time 35 ns see Test Circuit 


loff 








Turn-off Time 275 ns See Test Circuit 

















tstg Storage Time 225 ns see Test Circuit 

tr Gain Bandwidth Product 200 400 MHz Voce =10V, le = —20mA 
Cob Output Capacitance 3.5 3.0 pF Vcp =10V, le = 0, f = 1 MHz 
heey DC Current Gain 50 150 300 _ Vee =1.0V, Ic =150mA 
heeg* DC Current Gain 20 75 — Voce = 2.0 V, I¢ = 500 mA 
VCE(sat)* Collector Saturation Voltage 0.25 0.75 V lc = 500 mA, Ip = 50mA 
VBE(sat)* Base Saturation Voltage 1.0 1.2 Vv Ic = 500 mA, Ip = 50mA 
ICBO Collector Cutoff Current | 0.1 MA Vop = 40 V, Ile =0 

lEBO Emitter Cutoff Current 0.1 A Veg =4.0V,!lc=0 





* Pulsed PW = 350 us, Duty Cycle = 2 % 
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NE Cc santos DEVICE 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 


Py7—Total Power Dissipation —mW 
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INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
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2SC2720 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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2$C2720 


RISE TIME vs. 
COLLECTOR CURRENT 


ty—Rise Time—ns 








“10. «20 50 100 200 500 “5.0 10 20 50 
I¢—Collector Current—mA 


SWITCHING TIME TEST CIRCUIT 
Vap=-2V 


Voc = +30 V 


VOUT 


tL 





tr<2.0 ns 
PW=1.0 us 


aot ton SWITCHING 


Vep=— 23.3 V Vec= +30 V 


0 


-~40V 
tr=2.0 ns 
PW=1.0 ws tof¢ SWITCHING 
DC=2 % 
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STORAGE TIME vs. 
COLLECTOR CURRENT 
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NEC ELECTRON DEVICE 





FALL TIME vs. 
teat CURRENT 


Ic —Collector Current—mA 


INPUT 


OUTPUT 





ton =td + tr 


VOLTAGE WAVEFORMS 


INPUT 






OUTPUT 
90 % 


toff =tstg t tr 


VOLTAGE WAVEFORMS 
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NEC / _ NPN SILICON POWER TRANSISTOR — 
ELECTRON DEVICE | 2 S Cc 2 74 9 








DESCRIPTION The 25C2749 is NPN silicon triple diffused transistor designed for 


PACKAGE DIMENSIONS 





switching regulator and ultrasonic appliance applications. in millimeters (inches) 
FEATURES © High speed switching. 
| ® High voltage rating. 63.2402 (G.217 MAX) 
~ @ Wide safe operating area. (90.126) | 
ABSOLUTE MAXIMUM RATINGS ae 3132 
Maximum Temperatures 2 ; z= a 
Storage Temperature ............... —55to+150°C (2/5 ae | ae ; 
Junction Temperature .........6. .. 150°C Maximum ke oa 
Maximum Power Dissipation (T, = 25 °C) | : ze 
Total Power Dissipation... .......0.0 002s 100W |"y2 (0.118) 
Maximum Voltages and Currents (T, =25 °C) | 1.05 + 0.1 
Vergo Collector to Base Voltage.......... 500 V | 
VcEO Collector to Emitter Voltage........ 400 V 
VERO | Emitter to Base Voltage ........... 70V 
lc(pcy Collector Current (DC) .....5...... 10 A pss 
lc(putse) Collector Current (pulse)"»......... 20 A 2. Collector (Fin} 
laine) Base Current(DC}) ........ 4,005: 5.0 A ee 


* PW = 300 us, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (T, =25 °C) 






SYMBOL CHARACTERISTIC MIN, TYP, MAX, UNIT TEST CONDITIONS 


ton Turn On Time 1.0 Ls im=2 A, lpi =—lIp2=1.2A 












tstg storage Time aes) Ls RL=252, Vec=150 V 
tf Fall Time 0.7 MS \See Test Circuit. 
hrey DC Current Gain** 15 35 80 _ Vce=5.0V,Ic=10A 
heea DC Current Gain** 10 —_ Vee =5.0V,1c=3.0A 
hFE3 DC Current Gain** 7.0 — Vee =5.0V,Ic=6.0A 
VCE (sat) Collector Saturation Voltage** 1.0 V Ic=60A,Ip=12A 
V BE (sat) Base Saturation Voaltage** 1.5 V Ic=6.0A,lp=12ZA 

V 

V 








VCEO(SUS) Collector to Emitter Sustaining Voltage 400: Ic =6.0 A, lp=1.2 A, L= 100 wH 
Ic=6.0A, Igy =—!Ip2=1.2A,Tg= 125°C 
L=180 wH, Clamped 

lc =12 A, 1p7,=2.4A, —Ipo=1.2A, 

T,= 125 °C, L= 180 wH, Clamped 






VcCEx(sus)1 Collector to Emitter Sustaining Voltage 450 






VcEx(sus)2 Collector to Emitter Sustaining Voltage 400 V 









IcBo Collector Cutoff Current 100 LA Vep= 400 V, lp =0 
ICER Collector Cutoff Current 2.0 mA Voe=400 V, Ree =502,T,=125°C 
ICcEx1 Collector Cutoff Current 100 uA Vee = 400 V, Vee(OFF) =—1.5 V 

| IcEx2 Collector Cutoff Current 1.0 mA 7 pany ; VBE(OFF}=<— 1.9 ¥. 

| 'EBO Emitter Cutoff Current 10 u&O =Veg=5.0V,Ic=0 





**Pulse Test : PV = 350 us, Duty Cycle = 2 %/Pulsed 


Classification of heey 


Range | 15to 30 | 20 to 40 


Test Conditions : Voce =5.0V, Ic =1.0A 
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2SC2749 | | NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. DERATING CURVE OF SAFE c 
OPERATING AREA REVERSE BIAS SAFE OPERATING sichbanale 


0 AMBIENT TEMPERATURE 


P7—Total Power Dissipation—W 
dT—Percentage of Rated Current—% 
Ic —Collector Current—A 
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NEC tectron vevice 2SC2749 





SWITCHING TIME (ton, tetg, t¢) TEST CIRCUIT 


RL=25 Q 


VIN 


. dt 
PW 


PW=50 us 7 
Duty Cycle=2 % —VBBs ~ 9V 





Vec=150 V 





ton tste tf 
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KE 


ELECTRON DEVICE 





It is suitable for Switching regulators and ultrasonic appliance appli- 


DESCRIPTION 
high current switching. 
cations. 
FEATURES --_ ® Low Collector Saturation Voltage. 


® High Speed Switching. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature 
Junction Temperature 


Maximum Power Dissipation (T, = 25 °C) 





NPN SILICON POWER TRANSISTOR 


2SC2750 





The 25C2750 is designed for use in high speed and high voltage, 


PACKAGE DIMENSIONS 


in millimeters (inches) 


16.5 MAX, 
* (0.650 MAX.) 










5.5 MAX. 
3.2+0.2 (0.217 MAX, 


(60.126) 













139.5 MAX. 


(0.768 MAX.) 
(0.12 MAX.) 


3.0 MAX. 






—55 to +150 °C 
150 ~“C Maximum 


16.34 0.1 
(0.642) 


» © © © 8 8 © © # # = 8 Bw B FB 







12.7 MIN. 
(0.500 MIN.) 


Total Power Dissipation... 2... 2.0.0 00 0000- 100 W 
Maximum Voltages and Currents (T, = 25 C) 
Vcso Collector to Base Voltage .......... 150 V 545 | 6.45 
VcEO Collector to Emitter Voltage........ 100 V ate 
VeBO Emitter to Base Voltage ......... =; At ¥ 
le(pc) Collector Current (DC) ........... 15 A — 
Ic{pulse) Collector Current (Pulse)* ......... 30 A = ee (Fin) 
Ipioc) Base Current (DC) .............. 5.0 A a 


* PW = 300 us, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (T, =25 °C) 





CHARACTERISTIC 


Turn On Time 
Storage Time 

Fall Time 

DC Current Gain** 
DC Current Gain** 


SYMBOL 


ton 
| tstg 
tf 
hee 
hFeE2 
VCE (sat) 
VBE (sat) 
VCEO (sus) 


VCEX(sUS)1 


Base Saturation Voltage** 


VCEx(SUS)2 


 IeBo 
ICER 
ICEx1 
ICEX2 


Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 


Collector Cutoff Current 


lEBoO Emitter Cutoff Current 


**Pulsed PW < 350 us, Duty Cycle < 2% 


Classification of heey 






Test Conditions : Vee =5.0 V, Ic =5.0A 
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Collector Saturation Voltage** 


Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 





TEST CONDITIONS 


Ic=10A,1lp,=—Ipa=1.0A 
RL =52,Vec=50 V 


| 


Vce=5.0V,lc=5.0A4 
VceE=5.0V,lc=10A 
Ic=10A,Ip=1.0A 
Ic=10A,Ip=1.0A 

Ic =10A, lp =1.0 A, L=100 wH 
Ic=10A, Ip1=—Ip2=1.0A,T3=125 °C, 
L=180 wH, Clamped 

lc =20 A, 1p1=2.0 A, —lp2=1.0A, 
T,= 125 °C, L= 180 wH, Clamped 
Vep=100V,le=0 

Vce= 100 V, Ree =50 2,T,=125°C 
Vce = 100 V, VeE(OFF)=—1.5 V 
Vce= 100 V, VBE(OFF) =—1.5 V, 
Ta=125°C 

Vep=5.0V,Ilc=0 


= 



















NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


—W 


P7—Total Power Dissipation 


“C/W 


ese) Thermal Resistance- 


hee—DC Current Gain 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Ta—Ambient Temperature— °C 
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l¢—Collector Current 


Collector Current—A 
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VBE (sat) 


2SC2750 





DERATING CURVE OF SAFE 
OPERATING AREA 


i) 


pap esha aia a peddhcrdns asks AREA 








dT Percentage of Rated Current - 


0 50 100 150 
Tc Case Temperature— °C 


5 10 20 50 
Vce—Collector to Emitter Voltage— 


COLLECTOR CURRENT vs. COLLECTOR TO 
REVERSE BIAS SAFE OPERATING AREA EMITTER VOLTAGE 


I¢ Collector Current —A 





120 160 200 


VcE--Collector to Emitter Voltage—-V VcE —Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE TIME 
AND FALL TIME vs. 
COLLECTOR CURRENT 


—— EEE c= 10-Ipi = — 10-Ig2 


BASE AND COLLECTOR SATURATION 
VOLTAGE V5. poles CURRENT 


us 


ton Turn On Time 
tstg Storage Time—ws 
ues 


siti eet 


Fall Time 


tf- 





0.01 
0.02 0.05 0.1 0.2 1 
I¢--Collector Current 


I¢—Collector Current—A 
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TABLE 1.—TEST CONDITIONS FOR DYNAMIC PERFORMANCE 






VIN. 1 


eal Q, Resi 


RESISTIVE SWITCHING 














VIN 


0 Lf | RBB2 


——Veeps10 V = VBE(OFF)=5 V 
, 2 













2 














CONDITIONS 










PW Varied to Attain Ic=10 A PW Varied to Attain Ic¢=10 A Duty Cycle= 2% Q1# 2SA959 













Leoil = 100 wH, Vcc = 10 V 
Reoij = 0.05 2 
Velamp (Unclamped) 


Leoi| = 180 HH, Vcc = 20 V Leoi! = 40 wH, Vcc = 10 V Ri =2592, Voc = 150 v 
Reoil = 0.05 2 Reoi| = 0.05 2, Reag2=500 | 


Velamp = Rated VcEx Value | Vclamp (Unclamped) 


CIRCUIT 
VALUES 












INDUCTIVE TEST CIRCUIT RESISTIVE TEST CIRCUIT 






OUTPUT WAVEFORM _ tf Clamped ty Adjust to | 























ao - tf Unclamped Obtain Ic 
D t °. _ Leoit (le pk) 
i e 

© ' 

bE = | 

rf — a _ Leoil (IC pk) 
5. “clamp Velamp 






D,=F114F D2 =6FH4S 
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DESCRIPTION The 2SC2751 is designed for use in high speed, high voltage and 
high current switching. 
It is suitable Tor switching regulators, DC-DC converters and ultra- 
sonic appliance applications. 

FEATURES ®@ High speed switching. 


= 
-_—*= 


@ Wide reverse S.0.A. 
VcEXx(sUS) (Ic =10A) : 450 V MIN. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ..........-..-- —55 to +150 °C 

Junction Temperature .........0.0. 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 

Total Power Dissipation. ......0....026465 120 W 
Maximum Voltages and Currents (T, = 25 °C) 

Verso Collector to Base Voltage .......... 500 V 

VcEO Collector to Emitter Voltage........ 400 V 

VEBO Emitter to Base Voltage ......%.... 70 V 

lc(pc) Collector Current (DC) ........... 15 A 

lc(pulse) Collector Current (Pulse)* ......... 30 A 

Ip(pc) Base Current(DC) .............. 75 A 


* PW = 300 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL 


a 


NFE1 

hFE2 
hFE3 

VCE (sat) 
VBE (sat) 
VCEO(SuS) 


VCEX(SUS)1 


VCEX(SUS)2 


IcBO 
ICER 
ICEX1 


| IcEXx2 
lEBO 





CHARACTERISTIC 
Turn On Time 
Storage Time 
Fall Time 
DC Current Gain* * 
DC Current Gain** 
DC Current Gain** 
Collector Saturation Voltage** 
Base Saturation Voltage** 
Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 


Collector Cutoff Current 


Emitter Cutoff Current 


**Pulsed PW < 350 us, Duty Cycle = 2 % 


Classification of hee, 


Prk TN | w ] « ] 





Test Conditions : 


VcE=5.0V,IC=2.0A 





NPN SILICON POWER TRANSISTOR 





2SC2751 





PACKAGE DIMENSIONS 
in millimeters (inches) 


16.5 MAX. 
(0.650 MAX.) 










5.5 MAX, 
63.2+02 (0.217 MAX) 
(¢0.126) 













19.5 MAX. 
(0.12 MAX.) 


(0.768 MAX.) 
3.0 MAX. 










1.6 
(0.063) 





(0.500 MIN.) 


3.0 
(0.118) 


, 12.7 MIN. 


2.8+0.1 
(0.110) 
1.05 + 0.1 





{ ) 0.65+0.1 
0.041) (0.026) 
| 
1. Base 
2. Collector (Fin) 
a. Emitter 





TEST CONDITIONS 


( Ic=10A, Ip, =—Ipa=2.0A 
RL =152,Vec +150 V 


\ 


Vee=5.0V,Ic=2.0A 

Vee =5.0V,Ic=50A 
Vce=5.0V,Ic=10A 
Ic=10A,Ip=2.0A 
Ic=10A,!Ip=2.0A 
Ic=10A,lg=2.0A,L=50 uH 
Ic=10A, Ilp_1=—!p9=2.0 A, T,= 125°C, 
L=180 wH, Clamped 
Ic=20A,1p,=40A, —Ipo=2.04A, 
Ta= 125 °C, L= 180 wH, Clamped 
Vcp=400 V,le=0 

Vce = 400 V, Rge =50 2, T,=125°C 
Vce = 400 V, VBE(OFF) =—1-5 V 
VcE= 400 V, VgE(OFF)=—1.5 V, 
T,= 125°C 

VeRp=5.0V,lc=0 
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TYPICAL CHARACTERISTICS (T, = 25 “C) 


























TOTAL POWER DISSIPATION vs. FORWARD BIAS SAFE OPERATING AREA ~ DERATING CURVE OF SAFE 
AMBIENT TEMPERATURE OPERATING AREA 
ae 4 

= a ” 

2 

5 e 1 5 

= o = 

2 a .=, 

vi oO £ 

w '* fs 

az) i= [ o 

_ =) a hj 

@ @ Seas = S 

is ool HRS etl: = 

o ¢ = i 

"a 0.05 é 

a 0.02| | 

os 0.01 | | ot _——_|___ 

1 2 5 10 20 50 100200 500 50 100 150 
Ta—Ambient Temperature — °C VceE—Collector to Emitter Voltage—V Tce —Case Temperature— °C 
TRANSIENT THERMAL RESISTANCE REVERSE BIAS SAFE OPERATING AREA COLLECTOR CURRENT vs. COLLECTOR TO 
EMITTER VOLTAGE 

= 

S 

x 

2 FILET I < 

5 i CHA no : ° 
3 See 5 2 
2 ; fh 3 

ia 5 

g = ct fii iia 3 S 

ie oe 3 8 
a iP A a © 8 

1 tt o_o 0 a = 

o Ton rn = oO 

: Sia a : 

= 0.01 
© Ol 00a 0 100 200 300 400 #& 500 

ow piles! Width—ms Vce—Collector to Emitter Voltage—V VcE—Collector to Emitter Voltage—V 


| TURN ON TIME, STORAGE TIME 
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION AND FALL TIME 





COLLECTOR CURRENT 7 VOLTAGE vs, COLLECTOR CURRENT _COLLECTOR CURRENT 
Me = seaeetis +H —— lc= Be Ip ==s5- 
cH Sei: s =o. 
Trott $=Pulsed 3 & ae ! 
easel eeat on | £23 cae a BIG aS cr] 
PT TT «6 imma L_Cot_] | aE Be EE 
Cc o a 
F Satis as | 28. SETI 
+ : —_ F, + o iL i a1 ‘ — = 
= ETg= +125 Cae 25 Ca SS +s ae =F EEE 
e A Be nice § & 2 = 
= i ——as 0TH 2 -s& Fo 
oO 25 °C ' ao 5 - 
‘ Seer Ne 3 Po 
a ee op eS OS co COS 
j Ei Sees mM _ 
Uxy 
0.0100 > w uw 9.01 
10.020.050.102 05 1 2 £5 10 of 0.08 0.05 0.1 0.2 at 1 2 § 10 20 
I¢—Collector Current—A | I¢—Collector Current—A Ic- Collector Current—A 
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TABLE 1.—TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


— VCEO (SUS) = RESISTIVE SWITCHING 
a ele | Ker toot Freee : 
Q, Resi 01 Resi s Res2 


pea Ver. 10 V = VBE(OFF) +95 V 
2 





CONDITIONS 


- PW Varied to Attain mon wat 10 A PW Varied to Attain Ic=10 A Duty Cycles 2% «@1= 25A959 


Leoit = 50 wzH, Vee =10V Leoi| = 180 wH, Vcc = 20 V | Leoi| = 40 HH, Veco =10V Ap =25 2, Veo = 150V 
Reoil = 0.05 2 Reoil = 0.05 2 | Reoil = 0.05 2, Reg2 = 50 2 - 
Velamp (Unclamped) | Velamp = Rated Vcex Value | Velamp (Unclamped) 


| CIRCUIT 
VALUES 


INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM ty Clamped ty Adjust to | RESISTIVE TEST CIRCUIT 
é tf Unclamped Obtain Ie 


_ Leoit (IC pk! 
VCC 


_ Leoil (Ic pk) 
Veclamp 


TEST CIRCUITS 





D1 = FI14F ‘D2 = 6FH4S 
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NPN SILICON POWER TRANSISTOR 


2SC2752 











DESCRIPTION The 25C2752 is suitable for Low Power Switching regulator, 


| | High Vo | PACKA ENSIONS 
DC-DC converter and High Voltage Switch. ACKAGE DIMEN 


in millimeters (inches) 


" 8.5 MAX, Sabai 
FEATURES ® High Breakdown Voltage. (0.334 MAX.) (0.110 MAX.) | 
® Low Collector Saturation Voltage. les 03.2202 (60,126) 7 eae 


=. ® High Speed Switching. 
® Complementary to the NEC 2SA1156 PNP Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





Storage Temperature ............. —55 to +150 °C 
Junction Temperature ....... 2... +150 °C Maximum 
Maximum Power Dissipations 
Total Power Dissipation (T,= 25°C) ....... 1.0 W | 
_ Total Power Dissipation (Te = 25 °C) Spates 10 W a a | 
Maximum Voltages and Currents (Tg = 25 C) 9323 
VcBo Collector to Base Voltage. ...... 500 V eo 
VcEO Collector to Emitter Voltage..... 400 V {see} 
VeBO Emitter to Base Voltage ..... 7. 70 V a a i 
lc(pc) Collector Current ........ .-.+ OFFS A z ae plane 
lcipuse) Collector Current ............ 1.0 A 
lIs(pc) Base GUT 6 es eke ee ee ee es 0.25 A 


* PW s10ms, Duty Cycle =50% 
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ELECTRICAL CHARACTERISTICS (Tg = 25 C) 


CHARACTERISTIC 
DC Current Gain 






SYMBOL 
hFE1~ 







ton Turn On Time 
tstg Storage Time 
| ty Fall Time 


= 


IcER Collector Cutoff Current 
IcExX1 Collector Cutoff Current 
lceEx2 Collector Cutoff Current 
lEBO Emitter Cutoff Current 

| VCE(sat)* Collector Saturation Voltage 






VBE(sat) 


Base Saturation Voltage 
* Pulsed /PWS350 us, Duty Cycles 2 % 






Rank [| mM 
Range 20 to 40 40to 80 | 


Test Conditions: Vog = 5.0 V, Ic = 0.05A 





Classification of hee, 





heez* DC Current Gain 10 


VECO\(sus) Collector to Emitter Sustaining Voltage 400 


VceEX(sus)1 Collector to Emitter Sustaining Voltage 450 


VCEX(sus)2 Collector to Emitter Sustaining Voltage 400 


1.0 
10 


1.0 


10 
1.0 
1.2 








mA 
uA 


mA 


7 I¢ = 0.3 A, pq = —Ipo = 0.06 A, PW = 50 us 


2SC2752 









____ TEST CONDITIONS 
VceE= 5.0 V, lq=0.05 A 
Vce =5.0V, Ic =O.3A 















\RL = 500 2, Veo = 150 V 






Table 1, lc = 0.3 A, Ip_ = 0.06 A, L=10mH 
/ Table 1,1¢ = 0.3 A, Ip, =—Ipa=0.06A 

| Velamp = Rated Vcex, Ta = 125 °C, 
\L=10mH 


/Table 1, Ic = 0.6 A, Ig, = 0.24, 

Ipo9 = —OO6G A . ; 

| Velamp = Rated Vcex, Tg = 125°C, 
L=10mH ; 

Voce = 400 V, Ree = §1 2, Tg = 125°C 

Vce = 400 V, Vee(orFF) = —1.5 V 

(VceE = 400 V, VeE(OFF) =—1.5 V, 

\Tg = 125°C 

Vee =5.0V, Ic =0 

Ic = 0.3 A, Ip =0.06 A 

ic = 0.3 A, Ip = 0.06 A 
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2$C2752 


TYPICAL CHARACTERISTICS (Tg = 25 “C) 


REVERSE BIAS SAFE 
OPERATING AREA 





4 





—Collector Current--A 


Ic 


o- 100 200 300 400 #500 
Vce—Collector to Emitter Voltage—V 


TRANSIENT THERMAL 
RESISTANCE 


+H mm meeieuasrs 
Sati sei esti Cott 


df ai au 


Bee 2 — 


10 


_ 





0. 
0.1m lm 10 m 100 m 1 
PW-—Pulse Width-—s 


Rth(j-c)~ Transient Thermal Resistance— °C/W 


10 =o 







-_ ant 
: =_ ttt a a a ma 
Sr Peep OPED : 
el oH oti an 


LC Tin 7 Sait aaa AL 





Saiiaieeaii 0 ll 
atl mpti seni 
Sseeiiiiiost wail AH 
Pl AH rai cop oh 
ooiL | {Ti COM ii 
Q102 051 2 5 10 20 50100200 500 1 


VcE(sat)~ Collector Saturation Voltage—V 
VBE(sat)~ Base Saturation Voltage—V 


iene Collector feheas — A 


®) 
~l 
@ 


eee BIAS SAFE OPERATION 






mus pulse) MAX. Tl 


aeaa $< tential =a, i= —-—— 
— oo — oo i. +. 7 as eT 


—Collector Current—A 


Is 


pemette:: 
aaa Ho maeel! 
cool Hit 
10 557 90100 200 400 1000 

mane Malet to Emitter Voltage-V 


COLLECTOR CURRENT vs. COLLECTOR 
TOEMITTER VOLTAGE 
eo : 


Collector Current—A 
hee—DC Current Gain 


lc~ 


Vee Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 


TURN ON TIME, STORAGE TIME AND 
VOLTAGE vs. COLLECTOR CURRENT 


pate TIME VS. s. COLLECTOR CURRENT 
1 . ‘ 





= 
— 
| 
_— 
=| 
= 


tstg~ Storage Time—us 
—Fall Time— ys 


ton Turn on Time~ yes 


TI 
nt 


tf 





“10 m20m 50m100 m200 m500 m 1 
I¢—Collector Current—A 


NE C evectron vevice 





DERATING CURVE OF SAFE 
OPERATING AREA 





dT—Forward Bias SOA Derating— % 


0 50 ~ 100 150 
T.—Case Temperature — “°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


—_ 
o 
Qo 
=) 


Seaman T = Pulsed 
a A Heth 


Se 


— 
oS 


jimi 





l¢— Collector Current —A 


NEC trectron vevice | _ 2$C2752— 


TABLE 1.— TEST CONDITIONS FOR DYNAMIC PERFORMANCE 





VCEO (sus) VCEx (SUS) RESISTIVE SWITCHING 
Wf 721 Rep 7c Ql =-RBB1 SRapge 
an ) 


| 
| 


——VeEr10V — Veg=10 V = VBE(OFF)=2 ¥ 


2 2 


CONDITIONS 


PW Varied to Attain Ic =10A | PW Varied to Attaini¢ =10A Duty Cycle <2% Q, = 2SA959 


—_—— ——— a oa ee ae. — -- 





Lepif=10mH,Vcc=10V Leoil = 10 mH, Voc = 20 V | Ri =5002, Vec = 150 V 





CIRCUIT 
VALUES 


———————————— 


INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM _ ty Clamped ty Adjust to | RESISTIVE TEST CIRCUIT 
ah < ty Unclamped "Obtain Io | | 


Voc 


Leoil (Ic pk) 


TEST CIRCUITS 





4 


| 
| 
E oe | i Leoit (le pk) 
7 : = ° ty — = ——— 
| — V 
D1=F114F D2=6FH4S t clamp 
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ELECTRON DEVICE 
















DESCRIPTION The 2SC2784 is the best for use as the middle range amplifier in - 


Hi-Fi stereo control amplifiers, power amplifiers, and etc. PACKAGE DIMENSIONS 


in millimeters (inches) 


ad ha SENECA: Vceo + 120 V (0.165 MAX.) (0.086 MAX. 
® Low output capacitance. Cob : 1.6 pF TYP. (Vcg =30 VI as of 1 oe 
t- @ High hee hee : 600 TYP. (Voce =6.0 V, Ic =1.0 mA) RTT AF 12 

| 


@ Super low noise. NV : 25 mV TYP. (See test circuit.) 
® Complementary to the NEC 2SA1174 PNP transistor. 


(0.125 MAX.) 






“(jd 


| 
1 








ABSOLUTE MAXIMUM RATINGS aaa Pr: 

Maximum Temperatures ae 
Storage Temperature .............0e000- —55 to +125 °C oe 
Junction Temperature ............... +125 °C Maximum 

Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation: s.06s 684 cece keane as .. » 300 mW pow 

Maximum Voltages and Currents (Ta = 25 °C) 1.27 Sone (0.05) 
Vepo Collector to Base Voltage .............000- 120 V sd |i “3 
Vceo Collector to Emitter Voltage .......: ema 120 V Pre 
Vepo Emitter to Base Voltage ................-. 5.0 V all. i. 7 <a ee 
le Collector CUNENE 45 dacs es aakees sana was 50 mA 3 3 2. COLLECTOR| 
lp Base GUMGN case ence etc eeine ke ¥tee Ss euas 10 mA saa 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 






SYMBOL CHARACTERISTIC VIN. ry P. : TEST CONDITIONS 


DC Current Gain | | 580 | VcE=6.0 V, Ic=0.1 mA 
DC Current Gain | VceE=6.0 V, Ic=1.0 mA 
fT Gain Bandwidth Product : H: Vce=6.0 V, le=1.0 mA 
Output Capacitance i 5 Vcp=30 V, le=0, f=1.0 MHz 
NV Noise Voltage 7 | VcE=5.0 V, Ic=1.0 mA, Rg=100 k2 
G,=80 dB, f=10 Hz to 1.0 kHz 
ICBO Collector Cutoff Current Vcep=120 V, IlE=0 
leRO Emitter Cutoff Current Vep=5.0 V, Ic=0 
VBE Base to Emitter Voltage | Vce=6.0 V, Ilc=1.0 mA 
| VCE(sat) Collector Saturation Voltage Ic=10 mA, Ip=1.0 mA 


Classification of hrea 













E 


Rank | P F U 


SSS... QcCK 








Range 200 — 400 300 — 600 400-800 600 —1200 | 





hee? Test Conditions : Vc~E=6.0 V, lc =1.0 mA 


380 


NE Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


Py ~Total Power Dissipation —mW 


ty > Gain Bandwidth Product —MHz 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





0 oo 50) 75 100 
Ta—Ambient Temperatu 


125 
re—'C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


—Collector Current —mA 


02 02 04 05 06 O07 


Vpe—Base to Emitter Voltage —V 





08 O9 


159 


GAIN BANDWIDTH PRODUCT vs. 


EMITTER CURRENT 


—— 
Badia 
or 


-021—-02 -05-1 -2 z=: -10~-20 -50 


i= Emitter Current 


Veg =6.0 V 





—maA 


Cop Output Capacitance —pF 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 


mA 


ic= Collector Current- 


Vop—Collector to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 














CO Cor — 
CH 
Hn 
eh 
| dete TIT 
TT TTT ATT 
TTT ATT 
HACC RT 

/ 
Se mea am 











hee —DC Current Gain 


| HHH maiiiii| 
a ot rn eH 
Cou Sec am 


0.01 £070.05 010.2 05 1 2 F 1020 50 100 
I¢—Collector Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 





2 5 1 2 50 100 
Vep—Collector to Base Voltage —V 





en —Noise Voltage —nV/./Hz 





2SC2784 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


. Pt | | pp 
: - ee a 
pa 


I¢—Collector Current—mA 





Vege — Collector to Emitter Voltage —V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


—Base Saturation Voltage—V 
VcE(sat) Collector Saturation Voltage —V 


VBE(sat) 





I¢—Collector Current —mA 


e, AND i, vs. COLLECTOR CURRENT 


WCET 0 y 
Sauce fi+ 1, En? 

= Bia aKT* Re 
> 1.38% 10-3 (J°K-1) 


Hz 


-pA/ 


n Noise Current - 





0010.02 005 91 02 O85 1 2 5 10 
I¢ —Collector Current —mA 
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NOISE FIGURE MAP 


Rg Source Resistance —Q 





ae aa 0.1 O12 "O05 1.0 2.0 5.0 lO 
lo- ‘Collector Current—mA 


NOISE VOLTAGE TEST CIRCUIT 


a oe 


Rg= 100 kQ - 





Gy =80 dB 
18 ¥ FLAT 


ieee sn | 





Vep=5 V, Ic=1.0 mA, Rg=100 kQ, Gy=80 dB, FLAT(f=10 Hz to 1.0 kHz) 
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ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


—28C2785 








DESCRIPTION The 25C2785 is designed for use in driver stage of AF amplifier and 















low speed switching. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES ® High Voltage VCEQ : 50 V MIN. TEMA) «© (0.086 MAXI 
@ Excellent hee Linearity : 0.92 TYP. | zs "16° ie 
- hee, (0.1 mA)/heeg (1.0 mA) Bae 
. ® Complementafy to the NEC 2SA1175 PNP Transistor. a ee 
| sae 
. 
ABSOLUTE MAXIMUM RATINGS eaial 7 
Maximum Temperatures | Zz 
Storage Temperature ...........00. eee —55 to +150°C Ee 
Junction Temperature .............0.6. +150 °C Maximum “9 
Maximum Power Dissipation (Ta = 25 °C) | 
Total Power Dissipation ........ 2.000 cc ete nee nes 250 mW | 
Maximum Voltages and Currents (Ta = 25 °C] | = B 
Vego Collector to Base Voltage ....-.---+--+ 0, .-60V Silas ria 
Veeq Collector to Emitter Voltage .............. 50 V r ae 
Vepo Emitter to Base Voltage ......:5.... ee 25 
lc Collector CUrrent) ics hs6G-deew a Wawasan de 100 mA | ~ H 1. joe 
Ip Bese CANTON cir vica ene wed awh cea Aedes eels 20mA | * * 2, COLLECTOR 
3. BASE 
ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP, MAX. UNIT TEST CONDITIONS 
hee DC Current Gain 50 185t™*” Ve E=6.0 V, 1¢=0.1 mA 
hre2 DC Current Gain 110 200 600 Vce=6.0 V, Ic=1OmA © 
NF Noise Figure 0.8 ube dB VcE=6.0 V, Ic=0.1 MA, RG=2.0 kQ, 
f=1.0 kHz 
fT Gain Bandwidth Product 150 250 450 MHz VcEe=6.0 V, le=—-10 MA 
Cob | Collector to Base Capacitance 3.0 4.0 pF Vcp=6.0 V, ie=0, f=1.0 MHz 
ICBO Collector Cutoff Current 100 nA Vcp=60 V, le=0 
lEBO Emitter Cutoff Current 100 nA VeRp=5.0 V, Ic=0 
VBE Base to Emitter Voltage 0.55 0.62 0.65 V Vce=6.0 V, lc=1.0 mA 
VCE(sat) Collector Saturation Voltage 0.15 0.3 Vv lc=100 mA, Ip=10 mA 
VBE(sat) Base Saturation Voltage . —_ 0.86 1.0 V Ic=100 mA, Igp=10 mA 


Classification of hres 





Rank RF | JF | HE 


— tT 


Range 110-180 | 135-220 170-270 | 200-320 | 250-400 


2 


hFeg Test Conditians : VcE=6.0 V, Ilc=1.0mA 
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mA 


Collector Current 


Ic 


2SC2785 


TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


mi 


PT~ Total Power Dissipation 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 





& Ambient Temperature -- C 


COLLECTOR CURRENT 


vs. COLLECTOR TO EMITTER VOLTAGE 


mn 


diector Current 


oO 
qo 
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NORMALIZED COLLECTOR CUTOFF 
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DESCRIPTION The 2SC2786 is designed for use in FM RF amplifier and local 


ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


2SC2786 


an a a eer ee 


PACKAGE DIMENSIONS 


in millimeters (inches) 





oscillator of FM tuner. 


FEATURES ® High gain bandwidth product (f+ = 600 MHz TYP.) 0.168 MAX (0.086 MAX. 
@ Small output capacitance (Cop = 1.0 pF TYP.) | ee 2 eee 34 
. © Low noise figure (NF = 3.0 dB TYP. @100 MHz) ; ce 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 





Storage Temperature ......... biepe ar asite —55 to +150°C ee 
Junction Temperature ...........00005 +150 °C Maximum eA 
Maximum Power Dissipation (Ta = 25 °C) = 
Total Power Dissipation ...............0000eeee 250 mW 
Maximum Voltages and Currents (Ta = 25 °C) | 
Vego Collector to Base Voltage ........ nageniee coe. OM 
Vceo Collector to Emitter Voltage ............. 20 V ‘ J 
Veso Emitter to Base Voltage..............05. 40 V oT al 
Ic COlSCtGr CUMERE s6 cede cence: Sivas, o0-T 
Ig Base CUM olaeca eee eaaleeees ey ee 20 mA 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 

hee DC Current Gain 40 90 ~~ 180 “ VcE=6.0 V, Ic=1.0 mA 

Cob Output Capacitance 1.0 1.3 pF Vcp=6.0 V, le=0, f=1.0 MHz 

NF Noise Figure 3.0 5.0 dB Vce=6.0 V, |e=-1.0 mA, Rg=50 2 
f=100 MHz, See test circuit 

fT Gain Bandwidth Product 400 600 MHz Vce=6.0 V, le=-1.0 mA 

Gpe Power Gain 18 22 dB Vce=6.0 V, le=—-1.0 mA, RG=50 2 
f=100 MHz, See test circuit 

Ce: rb’b Collector to Base Time Constant 12 15 ps Vce=6.0 V, le=—1.0 mA, f=31.9 MHz 

IcBO Collector Cutoff Current 100 nA Vcp=30 V, le=0 

leno Emitter Cutoff Current 100 nA Vep=4.0 V, lc=0 

VBE Base to Emitter Voltage 0.72 V Vce=6.0 V, lc=1.0 mA 

VCElsat) Collector Saturation Voltage 0.1 0.3 V Ic=10 mA, [g=1.0 mA 


Classification of hee 





Rank | 


Range | 





MF LF | KF 


ee eer ee eee 4 


40-80 60-120 | 90~180 | 


hee Test Conditions : Vce=6.0 V, lc=1.0mA 
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TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 
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DESCRIPTION The 28C2787 is designed for use in AM converter, AM/FM IF 
amplifier and local oscillator of AM/FM tuner. 


PACKAGE DIMENSIONS 


in millimeters (inches) 


| : | 4.2 MAX. 2.2 MAX. 
FEATURES @ Smal! output capacitance (C,, = 1.9 pF TYP.) . ae MAX (0,086 VAX.) 


@ Low noise figure (NF = 2.0 dB TYP. @1.0 MHz) 







(0.125 MAX.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


SEOhag@ Pamper ature: ons, «cog gees yon Swe 7 
Junction Temperature .............6. +150 °C Maximum = 
Maximum Power Dissipation (Ta = 25 °C) 2 


| 
' 
Total Power Dissipation ............ 0.0.00 c ues | | | ! | | © 
Maximum Voltages and Currents (Ta = 25 °C) || | | | 

Vepo Collector to Base Voltage .............5.. ; 

Vceo Collector to Emitter Voltage.............. 

Vepo Emitter to Base Voltage ................. 

Te GNGCIGr CONTENE oi a76- i+ eee so Fae viens 


Ip Base COMGNE osx gee sence ke Ses i fsengeau« ss 


“24. EMITTER 
2. COLLECTOR} 


3. BASE 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL CHARACTERISTIC . \AX. TEST CONDITIONS 
DC Current Gain | 40-90 Ee, VcE=6.0 V, Ic=1.0 mA 
_— Output Capacitance 1. Vcp=6.0 V, IE=0, f=1.0 MHz 
NF Noise Figures : : | Vce=6.0 V, le=-1.0 mA, RG=500 2, 
f=1.0 MHz 
fy Gain Bandwidth Product , VcE=6.0 V, lE=—-1.0 mA 
C.-rb’b Collector to Base Time Constant Vce=6.0 V, I e=-10 mA, f=31.9 MHz 
IcBo Collector Cutoff Current Vep=50 V, le=0 
lERo Emitter Cutoff Current Vep=5.0 V, Ic=0 
VBE Base to Emitter Voltage 6 Vce=6.0 V, Ic=1.0 mA 
—VCE(sat) Collector Saturation Voltage Ic=10 mA, Ip=1.0 mA 


Classification of hee 
MF | LF KF 





| Range 40-80 | 60-120 90-180 


hfe Test Conditions : VceE=6.0 V, |c=1.0 mA 
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INPUT ADMITTANCE vs. REVERSE TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE 
COLLECTOR CURRENT vs. COLLECTOR CURRENT VS. COLLECTOR CURRENT 
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DESCRIPTION The 25C2901 is designed for general purpose amplifier and eee ee ee 
high speed switching applications. PACKAGE DIMENSIONS | 
in millimeters (inches) 
; . : 5.2 MAX. 
FEATURES @® High Frequency Current Gain. (0.204 MAX.) 
. — @ High Speed Switching. 
: @ Small Output Capacitance. _ 
i= 
|= = 
i 
ABSOLUTE MAXIMUM RATINGS ae 
Maximum Temperatures 0.45 t iy 
| 0.018) |= z= 
Storage Temperature........... . ~55 to +150 °C > = 
Junction Temperature ........... 150 °C Maximum == \" 2 
= — 
Maximum Power Dissipation (Ta = 25 °C) ~ 8 
2 
Total Power Dissipation. .......... 0.000. 600 mW i. at ee: 
= eg’ 
Maximum Voltages and Currents (Ta = 25 °C) ‘Ss S 
VcBo Collector to Base Voltage........ -40 V \* = 
Vces Collector to Emitter Voltage - .....40 V 
VcEO Collector to Emitter Voltage. ..... .15 V 1. EMITTER EIAJ : SC-43B 
2. BASE JEDEC: TO-92 
VeRO Emitter to Base Voltage.........5.0 V 3, COLLECTOR IEC +: PA33 
lc Collector Current ............. 200 mA a ae 
Ic Collector Current (10 us pulse} ... . 500 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 a | 
[SYMBOL 








CHARACTERISTIC 





MIN. TYF; 


TEST CONDITIONS © 


= sar = -  . 


Vec=3.0 V, I¢=10 mA, Igy =3.0 mA, 












ton Turn-on Time 8.0 12 ns Vee=-1.8 V 

loff Turn-off Time 12 18 ns eae ao ay ME ye 
tstg Storage Time 6.0 13 ns Ic=10 mA, Ipi=—-lIpa=10 mA 

fr Gain Bandwidth Product 500 750 MHz Vee =10 V, le =—-10 mA, f= 100 MHz 
Cob Output Capacitance 1.8 4.0 pF Veep =5.0 V, ie =0, f= 1 MHz 

hee* DC Current Gain 40 90 200 — Vce =1.0 V, lc =10 mA 

VCE (sat)* Collector Saturation Voltage 0.15 0.25 V Ic =10 mA, igp=1.0 mA 

V BE (sat) * Base Saturation Voltage 0,80 0.85 V Ic =10 mA, |lp=1.0 mA 

ICBO Collector Cutoff Current 0.1 - LA Vcp=20 V, le =0 

lERo Emitter Cutoff Current 0.1 wA Veg =3.0 V, Ilc=0 





*Pulsed PW $350 us, duty cycle =<2?% 





Test Conditions : Veg =1.0 V, lc=10 mA 
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TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


800 







400}— 


200/;- 


P7 — Total Power Dissipation — mW 


100 150 200 


Ta — Ambient Temperature — °C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





hee — DC Current Gain 


10 = 3.0 30 100 


I¢ — Collector Current —mA 


GAIN BANDWIDTH PRODUCT 


—-f. fe ee 


=. gp pee ee ee 


ft — Gain Bandwidth Product — MHz 





“03 -10 -30 —-10 —30 


le — Emitter Current — mA 
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I¢ — Collector Current — mA 


VCE(sat) — Collector Saturation Voltage — V 


VBE(sat) ~ Base Saturation Voltage —V 


tsw — Switching Time — ns 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
200 - . 






160 
120}— 
g0|-—+— 


40 


VcE —Collector to Emitter Voltage —V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
4.0 — 


2.0} 
VBE(sat) 
1.0 a = i 2 es ee 
0.8 = —_ —Ta 75 C— ==oes————— 
0.6 
0.4 
O.2k bie — Ty = 75 CH — et 
| SS 
Oo. 
0.08]- 
0.06 
0.04 
0.1 0.3 1.0 3.0 10 30 100 
Ic — Collector Current — mA 
SWITCHING TIME vs. 
COLLECTOR CURRENT 
! Veo =10¥V 
Ic=10- Ip 
Ip1=—Ip2 
2.0 5.0 10 20 50 100 = 200 


l¢ — Collector Current — mA 


Cib — Input Capacitance — pF 


Ic — Collector Current —mA 


Cob — Output Capacitance — pF 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


20 





eo eas -- r= 


20 


16 


12 


Vce — Collector to Emitter Voltage ~ V 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


f=1.0 MHz 
IE=0 (Cop) 
32 I¢=0(Cip) 


{—$ 





0.3 10 3.0 10 30 100 


Yop — Collector to Base Voltage —V 
VEB — Emitter to Base Voltage — V 
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SWITCHING TIME TEST CIRCUIT 


PW =300 ns 99909 OlyF 
Duty cycle=2% Vin 3.3k9 i 








S500 | 
| : = roy 

_o "BB | rs CC 3V 
a i = —— 1 


Vout 
a 


To oscilloscope 


a: loft 
= Vep=+12V 
Veg=—3V aa ; 
Vin= +15 V en oe 
ton: toff SWITCHING 
:; a no O.1 uF 
PW =300 ns ie B90 0 “"° #" 1ko . 
Duty cycle=2% Vin OL LF l5009 ae wv Vout = 
Ate \ | To illos 
a vv ~ A | To oscilloscope 
| raf I ’ | 
| $500 ° 300 2 | | | 
Te1v | Voc=10V | 





Voltage waveforms 


2SC2901 
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DESCRIPTION The 2SC2908 is designed for high speed switching. 
It is suitable for switching regulators and ultrasonic appliance ap- PACKAGE DIMENSIONS 


FEATURES 


plications. 
® Low collector saturation voltage. 


® High Speed Switching. 


a 


ABSOLUTE MAXIMUM RATINGS 


**Pulsed PW 





Rank — 
——t- 


Classification of Nee 








K 








Rarge | 160to 320 | 100to200 | 60to 120 





Test Conditions : Veg =5.0V,Ic=0.3A 
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NPN SILICON POWER TRANSISTOR 


2SC2908 





- + 


in millimeters (inches) 
16.5 
(0 


MAX. 

650 MAX.) 
5.5 MAX. 
(0.217 MAX.) | 


5M 
$3.2+0.2 
(40.126) oe 
























= ~132 
Maximum Temperatures mE es aa 
: | © an | 7 
storage Temperature ..............-. —55 to +150°C | 2/¥ ot|TS 
= So fan ee TD 
Junction Temperature ............. 150 °C Maximum : Le 
: Scigickincd JZ 
Maximum Power Dissipation (T, = 25 °C) =\= 
msi e 
Total Power Dissipation ........0.6.000005% 50 Wi s 2 | 
Maximum Voltages and Currents (T, =25 "C} | / ! 
Vcso Collector to Base Voltage .......... 200 V | | | | 
VcEO Collector to Emitter Voltage........ 100 V | 545 | a 
VEBO Emitter to Base Voltage Gente ey? Le, a ce | aay wi 12 V soa 
lc(pc) Collector Current (DC) ......... 5 AL | | 
| Collector Current (Pulse)™ ......... 10 A | 1. Base 
a \ | | 2. Collector (Fin! 
Ip(pc) Base Current (DC) ..... sae Eases 25 A | 3. Emitter 
* PW < 300 us, Duty Cycle < 10 % | eee ane aes a 
ELECTRICAL CHARACTERISTICS (T,=25 =) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
t Tit —_ us a, 
on Turn On Laie 0.5 MS / Ic=3.0 A,1g1=—Ig2=0.3A 
tstg Storage Time 2,0 Lis 
| \ RL = 16.7 2, Voc +50 V 
tf Fall Time 1.0 us 
heey DC Current Gain** 60 160 320 — VceE=5V,Ic=0.3 A 
hee DC Current Gain* * 40 -- VceE=5V,Ic=3A 
VCE (sat} Collector Saturation Voltage** 1.0 V Ic=3.0A,Ip=0.3A 
VBE (sat} Base Saturation Voltage* * 1.5 V lc=3.0 A, Ip=0.3A 
VCEO(SUS) Collector to Emitter Sustaining Voltage 100 V Ic =3.0 A, lp=0.3 A, L=1.0 mH 
as hs ae ame : IC =3.0A, Ipy =—Ip2=0.3 A, Ta =125 °C, 
VCEx(SUs)1 Collector to Emitter Sustaining Voltage 150 Vv L= 180 uwH, Clamped 
| : . ’ etentvn! | Ic =6.0A,1p1=0.6A, —Ipo=0.3A, 
VCEXx(sUs)2 Collector to Emitter Sustaining Voltage 100 V T= 125 °C L=180 wH, Clamped 
IcBO Collector Cutoff Current 10 rea) Vcep=100 V, Ile=0 
IcER Collector Cutoff Current 1.0 m& Voe=100 V,Ree=50 2,T,=125°C 
ICEX1 Collector Cutoff Current 10 uA Vce= 100 V, VeeE(OFF) =—1.5 V 
ICEX2 Collector Cutoff Current BOO LA VCE = 1 Vo MOPIOP EY “12 Y:. 
Tg=125 °C 
lEBO Emitter Cutoff Current 10 LA VeRg=50V,Ic=0 
= 350 us, Duty Cycle = 2 % 
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TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


W 


-Collector Current- A 


PT Total Power Dissipation 


150 
°C 


0 50 100 
Ta~- Ambient Temperature 


TRANSIENT | THERMAL RES Tones 


C/W 


a 







a me eia 
— ee a 
= meen 

rth 


Ete 
COO 


a a =o ont a a. 
MBE hh EE 
LT Tree |__| «teri 


Sitti eae eel eesemaet 
mat 
mm a 
| PW Pulse Width ms 







0.1 


Thermal Resistance 









Rth (j-¢) 


DC CURRENT GAIN vs. 





> 
oe ete 
Sa iis: oo > 
Te mm 
500 =e s © 
© onl Ltt Hoe *s 
‘@ 200;-— eaceeennes 5 2 
© 100 eer tN Sc 
o | =a Heh eS S Ss 
+ 450 tat m 
3 i it oaiait ws 
o 20 an ee . = 3 
(2 3 tH 
2° 10 Stipe pee 33 
ee a 0 
tS om 
J 


0.010.02 0.050.1 0.2 051.020 5.0 10 
lc Collector Current—A 


VCE (sat) 
VBE (sat) 


I¢ Collector Current - A 


FORWARD BIAS SAFE OPERATING AREA 





Sasi oee 
01 LL LLL 
sk 2 5 10 20 50 100 
VcE- Collector to Emitter Voltage—V 


REVERSE BIAS SAFE OPERATING AREA 
6 


VCEX(SUS) 





100 150 
VcE- Collector to Emitter Voltage -V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





0.02 0.050102 051020 5.0 10 
Ic—Collector Current—A 


2SC2908 





DERATING CURVE OF SAFE 
OPERATING AREA 





dT. Percentage of Rated Current -% 


150 
°C 


50 100 
T---Case Temperature 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


A 


I¢ Collector Current 





VcE- Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE TIME AND FALL 
TIME vs. ee CURRENT 
le = 


fS 


ton Turn On Time 
tstg Storage Time 
ty— Fall Time 





1. 
lc—Collector Current— 


5.0 
A 


SOT 





2SC2908 | | - NEC tcectron vevic 





TABLE 1.—TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO (SUS) i 
See eT ere) 

VIN : | 
al Q1 Resi Qi Reel RBB2 


Re ere er ae 
I 





VCeEXx (Sus) | Es/p | RESISTIVE SWITCHING 


ee VEE" 10 V | =Vees10 V = VBE(OFF) =5 V 
Cee | : 

Tr | r 
PW Varied to Attain Ic =5A) PW Varied to Attain Ic =5A Duty Cycles 2% Qy =*2S5A959 


— es _ 


CONDITIONS 


SS ee 


Leoil = 180 wH, Voc = 20 V | Leoi) = 40 wH, Vcc =10V RL = 16.72, Ver =50V 
Regi} = 0.05 2 | Regi = 0.05 2, Rego = 502 
Velamp = Rated Vcex Value | Velamp (Unclamped) 


Legit = 1mMH, Veco =10V 
Velamp (Unclamped) 


CIRCUIT 
VALUES 


INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM ty Clamped —t_Adjust to | RESISTIVE TEST CIRCUIT 
Ic v7 tf Unclamped Obtain Ic 

i. Leoil (Ic pk) 

. Vcc 


_ Leoil (IC pk) 


TEST CIRCUITS 


2 





m7 D,=F114F Do =6FH4S 
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NPN SILICON TRANSISTOR 


25C3209 


iD) 


ELECTRON DEVICE 














DESCRIPTION The 2SC3209 is designed for use in TV chroma output 


circuits and TV horizontal deflection output circuits. PACKAGE DIMENSIONS 


in millimeters (inches) 
















FEATURES ® High voltage VcEQ = 300 V (0.275 MAX) 
® High Electrostatic- (E-B reverse bias, C=2 300 pF) P| Z —s 
= Discharge-Resistant Vespr: TYP. 1000 V i | | 
ABSOLUTE MAXIMUM RATINGS rei bs 
Maximum Temperatures oe Ee 
Storage Temperature......... . .-55 to +150 °C er 06-01 4 
Junction Temperature ......... 150 °C Maximum are 3 
Maximum Power Dissipation (Ta = 25 °C) tale 
Total Power Dissipation. ...........8005 1.0 W (0067) ---~(6.067) one 
Maximum Voltages and Currents (T= 25 ‘C) 1 135 (0.022) 
Vego Collector to Base Voltage ........ 300 V tes "Ss 
Vceo Collector to Emitter Voltage ...... 300 V 1. EMITTER S 
Vepo Emitter to Base Voltage ....7..... 5.0 V < aaa 
lc Collector Current.............200MA 


ELECTRICAL CHARACTERISTICS (T,=25 °C) 





SYMBOL ____ CHARACTERISTIC _A ry | | TEST CONDITIONS 
DC Current Gain 1 | VcE=10V,I¢=10mA 


Delay ‘Time 
Vcc =30V 


lc =100 mA 


Rise Time 
Storage Time 


| =—| =10mA 
Fall Time B1 B? 





VESDRA 
Cob 
ICBO 
lEBO 
VBE~ 


Gain Bandwidth Product 
Electrostatic-Discharge-Resistant 
Output Capacitance 

Collector Cutoff Current 
Emitter Cutoff Current 


Base to Emitter Voltage 


VCE(sat) * Collector Saturation Voltage 


VBE (sat) * 


Base Saturation Voltage 


* Pulsed PW=300 us, duty cycles? % 


Classificatio 


|_ Range 










n of Nee 


M 
60-120 | 100 —200 












Test Conditions: Vcg = 10 V, Ic =10mA 





Vee =30 V, le =-10mA 

see Test Circuit 

Vcp = 30 V, Ie = 0, f = 1.0 MHz 
Veg = 200 V,i- =0 

Veg =5.0V,Ic=0 
VceE=10V,lc=10mA 

Ic = 50 mA, Ip = 5.0 mA 

Ic = 50 mA, Ip = 5.0 mA 
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TYPICAL CHARACTERISTICS (T= 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Free air 








1.2) 





P7T—Total Power Dissipation—W 
l¢—Collector Current—mA 


125 


50 


Ta—Ambient Temperature—‘C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


500} 
200} 
100} —=— 

50|— 


l¢—Collector Current—mA 
hfe —DC Current Gain 





0.7 09 61.0 


0.6 
VBE—Base to Emitter Voltege—V 


04 05 0.8 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


Cob—Output Capacitance—pF 


ft—Gain Bandwidth Product 





—5—10  —50—100 —500 —1000 


le—Emitter Current—mA, 


400 





iL] 
0.102051 2 


SAFE OPERATING AREAS 
(TRANSIENT THERMAL 
RESISTANCE METHOD) 
———+—F- FH duty cycles? 9% 
— Ee i = Basse 





| f 
+ 


500 1000 


100 200 
Yoe—Collector to Emitter Voltage—V 


10 20 #450 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


I¢—Collector Current—mA 


OUTPUT CAPACITANCE vs 
COLLECTOR es again VOLTAGE 





5 10 20 50100200 500 1000 


1 
l 2 
Vcp—Collector to Base Voltage—V 


5 10 20 50100 200 5001000 


NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


l¢—Collector Current—mA 





io 12-14 


Vce—Collector to Emitter Voltage—V 


COLLECTOR SATURATION VOLTAGE, 
BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 





VCE(sat) Collector Saturation Voltage—V 
VBE(sat)~ Base Saturation Voltage—V 


cee Ee | ee Lit | 2 Et TI an j 
5 10 20 50 100 200 500100C 
Ic— Collector Current—mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 






wi 

t 

» 

Ew 

ei 

ee 

SE 

tt tt 

rs 

= | "Veo 30 V 
ie H ic=10-IB1 
Aw THT =-10-lp2 
2 " Ll PWS2 ys 

= -£ HH = duty press on 
>, = 0.05 —1 mei cit T_T HH inti +H | 
2 2 ptt th tat rtt—-+4 

, © o.o2}-—+ 4 a eal ae a 
Fr api Berl meee TH 
os 0.01 | | eee a | 


10 20 50 100200 500 1000 
I¢—Collector Current—mA 


NEC ELECTRON DEVICE 2SC3209 





ELECTROSTATIC-DISCHARGE-RESISTANT TEST CIRCUIT 


Open COLLECTOR 
TEST CONDITION 


1) E-B reverse bias 
2) C=2300 pF 
3) Apply one shot pluse to D.U.T. (Transistor Under the Test) by SW. 


JUDGEMENT 





REJECT; BVeEgo waveform defect 
C=2 300 pF As aresult if D.U,T. is not rejected, apply higher voltage to capacitor 
and test again. , 





401 


NEC 
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DESCRIPTION 


FEATURES 







The 25C3355 is an NPN silicon epitaxial transistor designed 
for low noise amplifier at VHF, UHF and CATV band. 
It has large dymamic range and good current characteristic. 


@ Low Noise and High Gain 
NF=1.1dB TYP., Ga=8.0 dB TYP. @VcE=10 V, Ic=7 mA, 
f=1.0 GHz 
NF=1.8dB TYP., Ga=9.0dB TYP. @Vce=10 V, Ic= 
40 mA, f=1.0 GHz 

@ High Power Gain 
MAG=11 dB TYP. @VcE=10 V, Ic=20 mA, f=1.0 GHz 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures. 
Storage Temperature ............-. 
Junction Temperature 


- 2 = 2 so & 8 # # 


Maximum Power Dissipation (Tz = 25 : C) 


Total Power Dissipation ................. 600 mW 
Maxirnum Voltages and Currents (Tg = 25 °C) A 

VcBpo Collector to Base Voltage ............ 20 V 

VcEO Collector to Emitter Voltage ......... 12V 

VEBO Emitter to Base Voltage ............. 3.0 V 

Ic Collector Current ............ ...+ 100 mA 


ELECTRICAL CHARACTERISTICS (T, = 25° C) 
SYMBOL 


ICBO 
lEBO 
hFE 


CHARACTERISTIC 
Collector Cutoff Current 
Emitter Cutoff Current 
DC Current Gain 


fT Gain Bandwidth Product 


& 


Cob 
IS2tel” 


Output Capacitance 


Insertion Power Gain 


NF Noise Figure 


NF Noise Figure 





SILICON TRANSISTOR 


2SC3355 








PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX, 
(0.204 MAX) - 





| 

——; 7 

lac 

on 

S2 

i 

ou 

' | , if = 
T {i} 0.45 m3 | 

}| (0.018) = 
J | Be my 
‘ Ta] 
; ,_2 

“TI We 

~ <f 
| + +—_}— i= i 

| la 

=z — 

_ ys 
| 1 EMITTER EIAJ :SC-43B) 

| 


2. COLLECTOR JEDEC : TO-92 | 


_ 3. BASE IEC : PA33 
| | 
ee os 


TEST CONDITIONS 
Vcp=10 V, Ig=0 

Vep=1.0 V, Iq=0 

VcE=10 V, Ic=20 mA 

VcE=10 V, Ic=20 mA 

Vcp=10 V, le=0, f=1.0 MHz 
VCE=10 V, I¢=20 mA, f=1.0 GHz 
Vce=10 V, Ilc=7 mA, f=1.0 GHz 
VCE=10 V, Ic=40 mA, f=1.0 GHz 


* The emitter terminal should be connected to the gurad terminal of the three-terminal capacitance bridge. 
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TYPICAL CHARACTERISTICS ({T,=25 °C) 


TOTAL POWER DISSIPATION vs. FEED-BACK CAPACITANCE vs. Dc CURRENT GAIN vs. 
AMBIENT TEMPERATURE COLLECTOR TO BASE VOLTAGE COLLECTOR CURRENT 





neat sink 

















= 
i . 
6 Kas o- © —-o-9 + +e 
44 i c 
™ wo ot > . . ¢ e¢ ? 
Q ul © — Se ae ae eae 
ma s = + + + 4+ + nt 
o e & > + +++-4+¢e 
s co > * *-- 
é = 2 iit 
s 3 | 
oO w 
eo we 
7 E £ 
— 
o l 
? 
i 
Ta—Ambient Temperature—"C . | i. 
<n mi 9 O51 2 5 10 20 30 05 i 5 10 50 
Vop—Collector to Base Voltage—\ ig—Collector Current—mA 
INSERTION GAIN vs. GAIN BANDWIDTH PRODUCT vs INSERTION GAIN, MAXIMUM GAIN 
COLLECTOR CURRENT COLLECTOR CURRENT we FREQUENCY 
15 - 
: Q| 
ee 6 a 20 | 
: : VS 
= 10 5 i 
ia] > Se 
5 a G & 
5 e gs 
< = Ea 
; 5 x E 10 
@ a =! 
a 3 § Le 
ho ras) 
Woe=10 V 
Ip = ZO mA 
0 0 : l = 
O. ot 02 04 06 02190 r 
l¢—Collector Current--mA I¢—Collector Current—mA f—Frequency —GHz 
NOISE FIGURE vs, INTERMODULATION DISTORTION wa. 
COLLECTOR CURRENT COLLECTOR CURRENT 
—— = Se 
ae t —— 
co 
a= 
| 
= ‘| 
a ~70 I 
re | 
a 
o 
= 
a, 
= 


3. 
ral 


iM 











| 
| 
{ 
| 
05. 5 10 50 70 [Ycessov 
at (| Vo=100 dBuV/50 © 


I¢—Coliector Current—mA Re=Re=50 & 


IM3 (dB) 
a 
ee 
. 4 " . , 
! 
7 
al 


IM> {=90+160 MHz 
M3 f=2x200~190 MHz 


29 30 40 30 50 70 


Ic—Collector Current—mA 
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5-PARAMETER 
Vce=10 V, ic=20 mA, Z29=50 22 


f (MHz) 15441 £ $41 $94 £ $94 |S42! £343 $991 é $99 
200 0.173 —80.3 13.652 103.4 0.041 73.8 0.453 -21.8 
400 0.054 -77.0 7.217 85.1 0.066 71.2 0.427 ~ 26.0 
600 0,013 -57.9 4.936. 74.0 0.113 69.3 0.428 —30.8 
800 0.028 81.8 3.761 62.3 0.144 67.0 0.414 -37.2 

1000 0.062 82.2 3.094 58.3 0.183 64.7 0.392 — 43.2 
1200 0.091 80.7 ~ 2.728 52.9 0.215 61.7 0.377 -51.4 
1400 0.121 80.2 2.321 44.9 0.240 58.7 0.359 — 58.3 
1600 0.148 80.1 2.183 36.4 0.288 50.7 0.354 -—67.2 
1800 0.171 80.0 1.892 30.2 0.305 46.8 0.345 —80.0 
2000 6.207 79.9 1814 21.4 0.344 39.1 0.344 —90.4 
Vce=10 V, lc=40 mA, 29=50 22 . ps 

f (MHz) ISqqi i $74 iS21| L $94 (S49! L S49 iS99I L899 
200 0.011 —60.1 13.76 105.4 0.040 73.3 0.421 17.5 
400 0.028 —42.9 7.338 82.9 0.069 66.7 0.416 - 22.8 
600: 0.027 20.1 4 996 fa 0.114 69.4 0.414 = 28.7 
800: 0,043 65.7 3.801 61.9 0.144 67.8 0.406 =—3J5.7 

1000 0,074 75.1 3.134 57.6 0.183 63.4 0.386 —41.8 
1200 0.098 75.6 2.759 52.4 0.221 62.1 0.373 — 49.8 
1400 0.120 74.1 2.351 44.4 0.247 55.7 0.356 — 56.3 
1600 0.146 75.8 2.203 36.0 0.291 49.6 0.347 —66.6 
1800 0.171 77.2 1.91C 29.9 0.299 46.0 0.342 — 78.8 

2000 0.205 78.0 1.825 21.3 0.344 39.4 0.335. — 89.6 

5-PARAMETER 








Site. S92e FREQUENCY CONDITION Vc_E=10V 


Ic = 40 mA 
In=d0 mA. 
a — . 


V0.2 Ghz pe? ? 


So1e-FREQUENCY conpiTioNn Size FREQUENCY cOoNDITION VcgE=10V 


I¢=40 mA 


oS 40nr. 
‘ye \, it | “Ay 
™, mA a 
oF me 1 | i f f 


SC 7 
Fie = 
cy 
ah 
1890 





404 = ae 


SILICON TRANSISTOR 


2SC3358 


NEC 


ELECTRON DEVICE 

















DESCRIPTION The 2SC3358 is an NPN silicon epitaxial transistor designed for 





low noise amplifier at VHF, UHF and CATV band. | PACKAGE DIMENSIONS 
It has large dynamic range and good current characteristic. in millimeters (inches) 
FEATURES @ Low Noise and High Gain 
_ NF=1.1dB TYP., Gg=12 dB TYP. @VcEe=10 V, 
lc=7 mA, f=1.0 GHz 


@ High Power Gain 
MAG=15 dB TYP. @VceE=10 V, Ic=20 mA, f=1.0 GHz 












~~ a 
ABSOLUTE MAXIMUM RATINGS | (LSB CND == 
3 7! a0 
Maximum Temperatures oo we 
oe = —— = 
Storage Temperature ...............—65 to +150 °C © 0.65 (0.026) | 
“ ; = MARKING — 
Junction Temperature ........... +150 C Maximum e : é NS 
Maximum Power Dissipation (Tg = 25 °C) = =e = 
aD 
Total Power Dissipation........ Trach soneees 250 mW | v2 S 
. | ) iT. =9R° ~ = go 4.0MAX. 
Maximum Voltages and Currents (Tz = 25 C) g ae ea 
VcsBo Collector to Base Voltage ............ 20 V S 
VcEO Collector to Emitter Voltage ...7...... 12V 
VeBo Emitter to Base Voltage ....... se acces 3.0 V . mittee 
- ase 
Ic Collector Current ......0cc00ec0- 100 mA 3. Emitter 


4. Collector | 


ELECTRICAL CHARACTERISTICS (T, = 25 ‘C) 












SYMBOL CHARACTERISTIC MIN. "TEST CONDITIONS — 
IcBO 7 Collector Cutoff Current | 1.0 LA Vcp=10 V, Ie=0 

leERO Emitter Cutoff Current 1.0 uA Vep=1.0 V, Ic=0 

hee DC Current Gain 50 120 300 Vce=10 V, Ilc=20 mA 

fT Gain Bandwidth Product 7 GHz VceE=10 V, Ic=20 mA 

Cob* Output Capacitance 0.5 1.0 pF Vcp=10 V, Ie=0, f=1.0 MHz 
IS21el? Insertion Power Gain 13 dB VcE=10 V, Ic=20 mA, f=1,0 GHz 
NF Noise Figure | 1.1 2,0 dB VcE=10 V, lc=7 mA, f=1.0 GHz 





* The emitter terminal should be connected to the gurad terminal of the three-terminal capacitance bridge. 
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2SC3358 


TYPICAL CHARACTERISTICS (Tg=25 °C) 


PT—Total Power Dissipation—mW 


S21e *—Insertion Gain—dB 


NF—Noise Figure—dB 


TOTAL POWER DISSIPATION vs 
AMBIENT TEMPERATURE 





0 50 


100 
Ta—Ambient Tempeérature—'C 


INSERTION GAIN vs. 
COLLECTOR CURRENT 


in aE td 


Hee 


1§ 
















l¢—Collector Current—mA 


NOISE FIGURE vs. 
COLLECTOR CURRENT 


Ltt VoE=10 V 
eee 
hyd f=1.0 GH 
& ' in err —-—+ > T 7 lie 
oe Pen Beem [ f Lt 
5 a - a a mba - I = 1 a 
11 | Sa Gn Ol 2 4 GU 1 
40 | pete er —=—<—$ 1 ——+- —— | 
| Ht | : | | 1 
= _l - | - ae —_— aT 
A 
500 oT /- 
a F 
paul ti ane 


a A 
iS sriiemaeie 
o LUT COC 


70 
l¢—Coliector Current—mA 
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fh 


tT--Gain Bandwidth Product—GHz 


Cre—Feed-back Capacitance—pF 


Se1e 7—Insertion Gan—dB 








FEED-B4ACK CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


hee—DC Current Gain 


Vea—Caollector to Base Voltage—W 


GAIN BANDWIDTH PRODUCT ws 
COLLECTOR CURRENT 


+ +t tH 
Ht cmene Sees 
ett 88) a 


Gmax—Maximum Gain-—dB 
S2je °—Insertion Gain—dB 


Ic —Collector Current—mA. 


NOISE FIGURE, FORWARD INSERTAION 


GAIN vs. COLLECTOR TO EMITTER VOLTAGE 


NF—Noise Figure—d6 





oO Fi 4 6 “8 10 
Voce —Collector to Emitter Voltage—V 





NEC ELECTRON DEVICE 





Oc CURRENT GAIN we. 
COLLECTOR CURRENT 





i¢—Collector Current —mA 


INSERTION GAIN, MAXIMUM GAIN 
vs. FREQUENCY 


——— 


Yoe=10 V 
Ig=20 mA 


060810 2 


Ol 0.2 iv) 
f—Frequency —GHz 


NEC ELECTRON DEVICE _ 28SC3358 





§-PARAMETER 
Vee=10 V, Ile=20 mA, Z9=50 2 


7 (MHz) $41! 2811 $34 iL $94 1$43! £813 \$9! é Soa 
200 0.312 —126.3 21.352 103.3 0.015 55.6 0.567 -30.6 
400 0.245 —156.8 10.660 91.3 0.040 54.0 0.374 —31.0 
600 0.304 179.7 7.256 82.4 0.057 59.4 0.333 ~33.2 
800 0.317 162.8 5.574 74.3 0.075 =) es 0.310 —32.9 

1000 0.332 149.3" 5.145 64.8 0.099 56.3 0.284 —35.0 
1200 0.353 139.4 3.831 59.5 0.110 55.6 0.260 =41.7 
1400 0.379 130.3 3.203 52.0 0.133 64.0 | 0.230 —41 2 
1600... | 0.409 123.0 2.895 43.9 0.153 49.6 0.207. -50.9 
1800 = 0.4423 117.0 2.442 38.8 0.165 48.2 0.185 —63.9 
2000 0.473 111.0 2.255 30.3 0.182 40.6 0.173 —72.3 


S-PARAMETER 


Site, Sa2e-FREQUENCY CONDITION Vc_e=10v 
Ic=20 ra 


ca 
0.2 GHz . ‘_- 
ae 





Sore-FREQUENCY CONDITION Vc_e=10 Vv Size-FREQUENCY CONDITION Vce=10v 


180° 


— 150" 
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NEC 


ELECTRON DEVICE 


DESCRIPTION The 25C3434 is designed for ultra high speed, high voltage, 
high current switching. 
This is suitable, for switching regulators and high frequency 
applications. 


@ High Switching Speed t¢<0.3 us, tyg < 1.5 us 
@ Wide Reverse Bias Safe Operating Area 
Vcexisusn ~450V @Ilc=5A 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature .......... —55 to +150 °C 

Junction Temperature ........ 150 °C Maximum 
Maximum Power Dissipation (Tg = 25 °C) 

Total Power Dissipation ............... TOOW 
Maximum Voltages and Currents (Ta = 25 C) 

Vcpo Collector to Base Voltage..... 500 V 

Veeo Collector to Emitter Voltage... 400 V 

Vero Emitter to Base Voltage...... 7.0 V 

lcioc) Collector Current (DC)....... 10 206A 

lc(puise) Collector Current (pulse)".... . 20 A 

Isioc) Base Current(DC).......... 5 A 


* PW = 300 Ls, Duty Cycle = 10% 


408 


NPN SILICON POWER TRANSISTOR 


2S5C3434 








PACKAGE DIMENSIONS 


in millimeters (inches) 











16.5 MAX. 
(0.650 MAX. 






5.5 MAX. 
$3.2+02 (‘0217 MAX) 
(¢0.126} 










(0.197) 








19.5 MAX. 


(0.768 MAX.) 
(0.12 MAX.) 


163+01 5+01 


3.0 MAX. 
(0.642) 








12.7 MIN. . 
0.500 MIN.) 


° 





2. Collector (Fin) 
3. Emitter 









NEC tcectron vevice 28C3434 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 











SYMBOL CHARACTERISTIC MIN. TYP. MAX. — UNIT "TEST CONDITIONS 
‘ton ——~s«sTurrn-On Time : 2 ees Oe 
tstg Storage Time 1.1 1.5 us ft nee Pi he 
tf Fall Time 0.1 0.3 us | 
hFE1™ DC Current Gain 10 60 -- VceE=5V,Ic=1A 
hees* DC Current Gain 10 _ Vee =5V, lc 2=2A 
hee3* DC Current Gain 10 | - VceE=5V,IC=5A 
VCE(sat)*_ . Collector Saturation Voltage 0.75 1.0 V Ic=5A,IpziA 
VBE(cat)* Base Saturation Voltage ~~ 1.1 1.5 VV Ic=5A, pat A | 
VcEO(sUS) Collector to Emitter Sustaining Voltage 400 V Ic = 5.4, 1p =1A, L = 500 wH, Clamped | 
VCEX{SUS)1 Collector to Emitter Sustaining Voltage 450 V ed NO = 2A, 
Vcex(sus)2 Collector to Emitter Sustaining Voltage 400 V " 7 eet E rp ffi sae 
IcBO Collector Cutoff Current 100 LA Vcr = 400 V, le = 0 
ICER Collector Cutoff Current 2 mA Vce = 500 V, Ree = 50 2, T, = 125°C 
IceEx1 Collector Cutoff Current 100 A Vce = 500 V, Vee(OFF) =—1.5 V 
Icexa Collector Cutoff Current 2 mA be eee VBE(OFF) = —1.5V, 
lEBO Emitter Cutoff Current 10 BA Ver =5V, lc =0 
| fT Gain Band Width Product 30 ~ MHz VceE=10V,Ic=1A 
| Cob Output Capacitance 120 pF Veg = 10V, f= 1.0 MHz 


* Pulsed : PW = 350 ws, Duty Cycle = 2% 


Classification of hee; 





Test Conditions: Vce=5V,Ic=1A 
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NEC tuecrean oevice 


2SC3434 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING CURVE OF SAFE 
OPERATING AREA 


FORWARD BIAS SAFE 
OPERATING AREA 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


a 


IC(pulse) MAX. 


20 a 2h 


oe oO 
a 
o Sd a 


f 
_o 





Py—Total Power Dissipation—W 
dT—Percentage of Rated Current 


0 «SO 100 150 
T.—Case Temperature—°C 


100 10 20 50 100 200 500 


Voce — Collector to Emitter Voltage—V 


0 50 
T,~Ambient Temperature — °C. 


150__ a ar 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


REVERSE BIAS SAFE 
OPERATING AREA 


TRANSIENT THERMAL 
RESISTANCE 


- 
o 





at (esi oemeeeettt 
— Set mat Ett 






mee 
obec CTT 





at ear 
— i a 
— te Ht — 


tot 
asi ie 
HH 
Book Ltt Cutt 
0.1 100 1000 
PW—Pulse Width—ms 










I¢ —Collector Current —A 


= eeeen eee =e 
ct tt 
HHT 






Ic — Collector Current—A 





Rthg ay = Mare Thermal Resistance —"C,W 


Vog—Collector to Emitter Voltage—V VcE~ Collector to Emitter Voltage — V 


hee—DC Current Gain 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





001 002 005 G1 02 
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6 1 2 ~ «5 
I¢ — Collector Current—A 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
pated aca CURRENT 


i jlic=5-lp 
+— Pulsed | 


= VoE(sat)i— Saat 


. © 
a or a a —+— 


Oh heat 
woe be 


eerste 





005 01 0205 1 2 «5 
I¢—Collector Current—A 


0.01 0.02 


VCE(sat) Collector Saturation Voltage ~ V 
VBE(sat) Base Saturation Voltage —V 


Turn-On Time— ys 





TURN-ON TIME, STORAGE TIME 
AND FALL TIME vs. COLLECTOR 
CURRENT 

C=o'lg1=—5-lpe 
| Pentre y' 


aH 
= 
a 
ton | 
ps 


ao 
=i ta 


LA 


TT 
a 
ee 
Ct 
es ee 
— 


an 


0.2 0.5 1 2 10 


lc — Collector Current—A 


NEC ELECTRON DEVICE _ 28C3434 





TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 









os VCEO (SUS) __YCex (sus) RESISTIVE SWITCHING 
| VIN Str 


ovIN 7 1 ; Dar sins 
gh bers 0, B81 a ow $01 RBB1 o Haws 
oO === ST ‘ i 
SVee7 10 V ag VBE(OFF)* 5V 






















INPUT 


VALUES| CONDITIONS 







PW Varied to Attain Ic =5A 
Leo! = 100 HH, Vec = | Legit = 180 nH, Voc = 20V__ 
Reoil| = 0.05 2 | Regi = 0.05 2 
Velamp = VCEO(SUS) Value Velamp = Vcex(sus) Value 
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORM | 


PW Varied to Attain !|c =5A Duty Cycle = 2% Q, = 25A959 


Ry. = 25 2, V@ec = 150 V 
PW = 50 us 















RESISTIVE TEST CIRCUIT 













on : te Clamped 4 Adjust to 
<_-~ tf UnclampedOptain Ic 
> i RL 
Vite 

o ote t 4, = Levit lle pk) ee 
oO | Vec io 
i 
rf 
ee _ Leoit (Ie pk! 

D,=F114F Dg g=6FH4S Veena 
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ELECTRON DEVICE 








DESCRIPTION The 25C3435 is designed for ultra high speed, high voltage, 
high current switching. | 
This is suitable for switching regulators and high frequency 
applications. “ 


® High Switching Speed t; < 0.3 us 
@ Wide Reverse Safe Operating Area 
Vcexisus1> 450 V @Iic =8A 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature.......... —55 to +150 °C 

Junction Temperature ........ 150 °C Maximum 
Maximum Power Dissipation (Tg = 25 °C) 

Total Power Dissipation. .......0.00200: 120 W 
Maximum Voltages and Currents (T; = 25 °C) 

Vespo Collector to Base Voltage..... 500 V 

Vceo Collector to Emitter Voltage... 400 V 

Vespo Emitter to Base Voltage...... 70 V 

lcioc) Collector Current |) 6 ee 15 A 

lC(pulse} Collector Current (pulse)”..... 30 A 

Is(pc) Base Current (DC) ee eee Sere 7.5 A 


* PW = 300 us, Duty Cycle = 10% 


NPN SILICON POWER TRANSISTOR 


2SC3435 





PACKAGE DIMENSIONS 


in millimeters (inches) 






16.5 MAX, 
(0.650 MAX.) | 











19.5 MAX. 
(0.768 MAX.) | 








, 12.7 MIN. , 
(0.500 MIN.) 


$.45 | 5.45 
(0.215)! (0.215) 









1. Base 
2. Collector (Fin) 
3. Emitter 









NEC trecrron DEVICE | 28SC3435 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





SYMBOL CHARACTERISTIC IN. MAX. TEST CONDITIONS 


ton Turn-on Time 
Ic = 7.5A, lp, = —lpo=1.5A 


- 
tstg Storage Time RL = 202, Vec +150 V 


tf Fall Time 
hreei* DC Current Gain_ VcE=5V,1c=1.5A 
| hee" DC Current Gain 0 VceE=5V,IC HSA 
hee3* DC Current Gain VCE =6V,Ic=7.5A 





VCE (sat) ~~ . Collector Saturation Voltage Ic=7.5A, 1g =1.5A 
VBEl(sat) * Base Saturation Voltage ~ Ic=7.5A,Ip=1.5A | 
VcEO(sUsS) Collector to Emitter Sustaining Voltage lc = 1A, Ip =2A, L = 500 wH, Clamped} 
ic=8A, lp, =2A, —lpoa=1.5A, 

L= 180 ywH, Clamped 

lc =8A, lpq=2A, —lpo =1.5A, 

L = 180 wH, Clamped 


VCEx(SUs)1 Collector to Emitter Sustaining Voltage 


VcEx(suUs)2 Collector to Emitter Sustaining Voltage 


| IcBo Collector Cutoff Current Vcp = 400 V, lp =0 
ICcER Collector Cutoff Current | Vee = 500 V, Ree = 502, T,= 125°C 
ICEX1 Collector Cutoff Current Vce = 500 V, Vee(oOFF)=—1.5 V 


Voge = 500 V, V =-1.5V, 
ICcEx? Collector Cutoff Current bs eel BE(OFF) 
a 


lEBO Emitter Cutoff Current Vep=5V,Ilc=0 
fT Gain Bandwidth Product 30 ~ Vce=10V, 1c =1.5A 
| Cob Output Capacitance Veep =10V,f=1MHz 


* Pulsed: PW = 350 us, Duty Cycle =< 2% 


Classification of heey 


| L K 
10to30 | 20t040 | 30t060 





Test Conditions: Vee =5V,lc=1.5A 
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TYPICAL CHARACTERISTICS (Tg = 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


a 
o 








P7- Total Power Dissipation--W 


T,~ Ambient Temperature —"C 


TRANSIENT THERMAL 
RESISTANCE 


poset tb path VCE’ 50 V 
sii at thai 










eeere: 3334 -—ohe = seer 






a3: sit SS Beth Seats 
ett: i mane 
oni i at a 


Poe Hy mane 
Seatiieemat iad meal 


peor IT ili L 
1 


an _ ier Width—ms 









Rth(j. ) ~Transient Thermal Resistance —°C/W 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 






hfe DC Current Gain 








0.05 0.1 G2 0.5 2 
Ic — Collector Current ~ A 


0.01 0.02 
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LN 


25 °C) 


FORWARD BIAS SAFE 
OPERATING AREA 





on 
20——— 


TIS RUSS 





—Collector Current-- A 





10 20 60 100 200 
VcE--Collector to Emitter Voltage—V 





REVERSE BIAS SAFE 
OPERATING AREA 


ko 
inl a 
=] 2 
a) | 
_ 
a 
(} 
> 


l¢ Collector Current— A 
oS 


‘al. 
Midion chee —Ip2=0.5 to LAL ui! 
IR? lto 1.5 A) 31 


0 100 200 300 400 500 
Vee Collector to Emitter Voltage—V 


WCEXt 





BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


| Ic =5'lp 


006 01 02 O05 1 2 5 
Ic —Collector Current — A 


O01 0.02 
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DERATING CURVE OF SAFE 
OPERATING AREA 


% 


e— 
=) 
oS 


oo 
2 


4 
o 


i) 
oO 





dT— Percentage of Rated Current 
ci) 
& 


50 100 150 
T,~ Case Temperature —‘C © 


a) 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 





<x 
= 
2 
a 
o 
_— 
a 
ss 
2 
o 
Oo 
© 
0 1 3 4 5 
Voce Collector to Emitter Voltage—V 
TURN ON TIME, STORAGE TIME 
AND FALL TIME vs. COLLECTOR 
CURRENT 
10 
5 
“hug 
= 
- 2 
a 
ee, 1 
ee 4 a 
= w ! : 
Owe 
L FE o2 
EsF ”™ 
= vw — 
ae 
| Le 
Mn, 
S + | 0.05 
de 
0.02! 
0.01 
0.1 





l¢—Collector Current—A 
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TABLE 1. — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


Vceo(sus) | ___VCEX (Sus) | : RESISTIVE SWITCHING _ 


ee 


VIN ne | VIN — ia 


a, 
oo ty = — —+ 
% cE = OY $vee>10 ve VBECOFF) 5 V 


———F2 Tay 


_ CONDITIONS 





| PW Varied to Attain lc = 10A PW Varied to Attain!|c =8A Duty CycleS 2% Qj, = 2SA959 


ee rr 


Losi = 50 nH: Voc =10V_ “Leo! = 180 HH, Vee = 20 V R_ = 152, Vee +150 V 
Regi = 0-05 2 Reoij = 0-05 2 | PW = 50 us 


= 6 
4 5 
oO 
ce 
oOo > 


Velamp = VcEo(suUs) Value Velamp = VcEx (SUS) Value 


INDUCTIVE TEST CIRCUIT eR a ty Adjust to RESISTIVE TEST CIRCUIT | 


.__-~ty Clamped Obtain I¢ 
TUT ) 
oe | 


» ets | lam 
aie ts Unclamped : oe le pk) 
Leni (Ic ak) | ‘7 Vee 
_ coil ‘'C pk! 
Velamp a 


+f 


=v 
_F CC 





TEST CIRCUITS 


D, = F114F Dz = 6FH4S 
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ELECTRON DEVICE 








DESCRIPTION The 2SC3478/3478A is designed for general-purpose applica- 
tions requiring high Breakdown Voltages. 
FEATURES ® High Breakdown Voltage. 


VcEO = 180 V/200 V (2SC3478/2SC3478A) 
2? Good heg linearity. 
® A complementary pair with 2SA1376/2SA1376A. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature . . —55 to +150 “C 


= 8 8 8 &*# & =» 8 = & @ 


Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Tg = 25 °C) 
Total Power Dissipation ............0800% 750 mW 
Maximum Voltages and Currents (Ta = 25 °C) 
25C3478/2SC3478A 
Vcpo Collector to Base Voltage.... 200 V 
Vceo Collector to Emitter Voltage. . 180/200 V 
Vepgo Emitter to Base Voltage..... 5.07 V 
lc Collector Current (DC)...... 100 mA 
Ic Collector Current (pulse)*.... 200 mA 
lp Base Current (DC)......... 20 mA 
*PW = 10 ms, Duty Cycle < 50% 
ELECTRICAL CHARACTERISTICS (Ta = 25 C) 
28C3478/2SC3478A 


SYMBOL CHARACTERISTIC 
DC Current Gain 


Turn-on Time 


TYP. MAX. 
400/600 
0.15 

Turn-off Time 1.6 

Gain Bandwidth Product | 150 

Output Capacitance 2:6 
IcBo Collector Cutoff Current 
lEBO 
VBE 
VCE (sat] 


VBE (sat) 


Emitter Cutoff Current 
Base to Emitter Voltage 
Collector Saturation Voltage 
Base Saturation Voltage 


Classification of Ne 





135 — 270 | 200-400 | 300 — 600 
Test Conditions: Veg = 10 V, Ic = 10 mA 
** 95C3478A has no U rank. 
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NPN SILICON TRANSISTORS 


2SC3478, 2SC3478A 


PACKAGE DIMENSIONS 


in millimeters (inches) 










5.2 MAX. 
(0.204 MAX.) 
aa % 
‘i oe 
== 
ti oO 
we & 
2 
ae 
: 0.018) 23 
Ss - = = 
' . Lt 
| sd = pres 
= = 
2.54 — a 2 
(0.10) ~—+—+ ine 5 
12700 ne) 
(0.05) = - , I = 
/ | re ea 
| - cia - I = = 
| é 3 ln 
| = ai 
es 
1. EMITTER EIAJ : §C-43B 
2.COLLECTOR JEDEC : TO-92 
3. BASE IEC : PASS 
= 


TEST CONDITIONS 
Vee =10V,I¢ =10mA 
Ic = 10mA 
lpi =-lpa=1mMA, Voc =10V 
Vce=10V,le=-10mA 
Vcp = 30 V, le = 0, f = 1.0 MHz 
Vcp = 200 V, Il_ =0 
Vep =4.0V, Ic =0 
VceE =10V, 1c =10mA 
lc = 50 mA, lp = 5.0mA 
Ic = 50 mA, |p =5.0mA 





. 





| 
' 


| 
' 
| 
| 
| 
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TYPICAL CHARACTERISTICS (Tg = 25 °C) 













SAFE OPERATING AREAS COLLECTOR CURRENT vs. 
TOTAL POWER DISSIPATION vs. (TRANSIENT THERMAL COLLECTOR TO EMITTER 
AMBIENT TEMPERATURE RESISTANCE METHOD) VOLTAGE 

= 12 to 500 —7 TT TELL 50 

Lt | oe a 3 

5 109 {- ----| || Esa 

a = 

a aa) 

| = te 

: a 30 

a = ae 

8 20 

= 3 

> i 

-_ \ 

| i 

L © 10 

ch 


0 25 50 75 100 125 150 
T, —Ambient Temperature — ‘°C 





0 04 O8 12 #16 20 
Vee —Collector to Emitter Voltage —V 


10 20 50 100 200 500 
Vee —Collector to Emitter Voltage —V 


COLLECTOR CURRENT vs. ; 

COLLECTOR TO EMITTER COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 

VOLTAGE BASE TO EMITTER VOLTAGE COLLECTOR CURRENT 
10 


9000 coon 





HT 
TI 


= i— 
— = 
6 ee 
Eas 
Lo | 
rane 
To 
ai 
J 
_——7;__] 


——— 


5 a ee eet 
i ee ‘a a at i——s Ban 
ee ee pe ae i 
oe mil 


Ic —Collector Current —mA 
hee—DC Current Gain 

Pa 

© 

= 


I¢ —Collector Current -mA 
Tr 





03 0.4 0.5— 06 O/ QO8 O09 
Vee —Base to Emitter Voltage —V 


0 40 80 120 160 200 0102 051 2 #5 10 20 5010C 


Vce—Collector to Emitter Voltage —V Ic —Collector Current —mA 


BASE AND COLLECTOR OUTPUT CAPACITANCE vs. 
SATURATION VOLTAGE vs. GAIN BANDWIDTH PRODUCT vs. COLLECTOR TO BASE 
COLLECTOR CURRENT EMITTER CURRENT VOLTAGE 


Te oe 
ee — 


Cob ~QOutput Capacitance —pF 


01 saiiiimaiiii mail 
0102 05 1 10 20 50100 - -10 —20 50-100 20 50 “10 20 50 100 20C 
oes Current —mA ic —Emitter Current —mé Veg —-Collector to Base Voltage~V 





fy7—-Gain Bandwidth Product MHz 





VcE(sat) ~Collector Saturation Voltage —V 


VBE(saty ~Base Saturation Voltage Vv 
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28SC3478, 2SC3478A _ NEG ctectron oevice 





SWITCHING TIME vs. 
COLLECTOR CURRENT 


t — Switching Time-- us 





01 02 O58 10 20 5.0 10 
le Collector Current—mA 
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ELECTRON DEVICE 











DESCRIPTION The 2SC3531 is designed for use in high speed, high voltage © 
and high current switching. 
It is suitable for switching regulators, DC-DC converters and 
ultrasonic appliance applications. 

FEATURES ® High speed switching. 


@® Wide reverse $.O0.A. 
VceEx(suSs): 800 V MIN. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
Storage Temperature 
Junction Temperature 

Maximum Power Dissipation (Tc. = 25 C) 


—55 to +150 °C 
150 °C Maximum 


s a ? = Lt i * a sl * Li a 


i © > * = © B&B & & © 















Total Power Dissipation............. 50 Ww 
Maximum Voltages and Currents (Ta = 25 °C) 
Vcso Collector to Base Voltage... .. 1000 Vv 
VcEO Collector to Emitter Voltage. —~ 800 V 
Vego _ Emitter to Base Voltage ...... 70 V 
lc(oc) Collector Current(DC) ...... 3.0 A 
IC(pulse) Collector Current (Pulse)” .... 6.0 A 
Ip(pc) Base Current(DC) ......... 1.5 #A 
* PW s 300 us, Duty Cycle 10% 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
~ SYMBOL “CHARACTERISTIC = MIN. TYP. MAX. ~—OUNIT 
ton —SsTurnOnTime Oo 1000s 
tstg Storage Time 3.0 us 
ty Fall Time 0.5 js 
hee;** DC Current Gain 10 30 = 
heeo** DC Current Gain 10 =~ 
hee3** DC Current Gain 7 - 
VCE(sat)** Collector Saturation Voltage 1.0 V 
VBE(sat)*"" Base Saturation Voltage 1.5 V 
Weenie) er to Emitter Sustaining a00 y 
Voltage 
VOExISUS) Collector to Emitter Sustaining 1000 v 
Voltage 
IcBO Collector Cutoff Current 100 MA 
IcCER Collector Cutoff Current 2.0 mA 
lceEx1 Collector Cutoff Current 100 MA 
I\CEXx?2 Collector Cutoff Current 1.0 mA 
lEBO Emitter Cutoff Current 10 BA 





**Pulsed: PW =350 us, Duty Cycle =2% 


NPN SILICON POWER TRANSISTOR 





2SC3531 





PACAKGE DIMENSIONS 


in millimeters (inches) 














4.8 MAX. 
(0.189 MAX. 


1 O.3 : ‘L3a:a2 












5.9 MIN 
15.5 MAX. 


ha 

iw 

i = 
Ax 

ha A, 1 \ 


XK.) (0.232 MIN Jo 






=. 
1.3: 0.2- S=/05+ 0.2 
(0.051) = on 10.02) 
0.75:01 — 5+ 
(0.030) : 





2.54 2.54 
(O.1) (1) 





ay 


ede) 







1. Base (B) 

2, Collector (C) 

3. Emitter:(E) 

4, Fin (Collector) 
JEDEC: TO-220A6 










TEST CONDITIONS 


a —— 


a 





Ic =2.0 A, 2+lp1 =—Ipo=0.8A 






Ry = 150 2, Vee + 300 V 






VcE=5.0V,I¢= 0.24 
VcE=5.0V,Ic=0.4A 
VcE=5.0V, Ic=1.0A 
Ic=1.5A, Ip=0.3A 
Ic=1.5A, Ip=0.3A 









lc = 1.5 A, Ip = 0.3 A, L = 500 pH 







lc = 1.54, 2+lpy =—Ipo = 0.6 A, 
Ta = 125°C, L= 180 wH, Clamped 
Vcp = 800 V, Ip =0 

Voce = 1000 V, Reg = 50 2, T, = 125°C. | 
Vce = 1 000 V, Vege(OFF) = —-1.5 V 
Vce = 1 000 V, Vge(orr) = —1.5 V, 
Tag= 125°C 

Vep= 5.0 V, Ilc=0 
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2SC3531 | NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. FORWARD BIAS SAFE OPERATING DERATING CURVE OF FORWARD 
CASE TEMPERATURE Pin alte 2 BIAS SAFE OPERATING AREA 


~ % 


PtT—Total Power Dissipation—W 
I¢—Collector Current — A 





dT — Percentage of Rated Current 





—Case Temperature — °C VceE—Collector to Emitter Voltage—V Tc —Case Temperature — °C 


COLLECTOR CURRENT vs. 



















x REVERSE BIAS SAFE OPERATING COLLECTOR TO EMITTER 
| TRANSIENT THERMAL RESISTANCE AREA VOLTAGE 
or = aa +t | . T | 
i arn a a { in aun en 
AL, 
a et 
ue - 
© 33:1 o—eeseeesis emesis: el cece cae - L 
E ESS al E : 
nwt ” =— 
2 oe UN 8 o 
a SSttiiemetivimeeeiit a 5 
5 Siccmentiicd tt i $ B 3 
= = Ww oC 
3 | S) = Oo 
= S55 SSS5 Beer He ° i. I 
| BEStii ao = 2 
— is sii mati mauitl = 
= 0.01 DE II 1111 
= 0.1 100 1000 
or , a 
ae ae ms 0 200 400 600 800 1000 0 0? 04 06 08 10 12 14 16 
VcE—Collector to Emitter Voltage —V VcE—Collector to Emitter Voltage—V 
DC CURRENT GAIN vs. COLLECTOR 7 BASE AND COLLECTOR SATURATION STORAGE TIME AND FALL TIME 
CURRENT 2 > VOLTAGE vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 
100 Fa Zo : | = | i¢=5-Ip1. Ip2=—2-IB1 
a. + Voc = 300 ”, Pulsed _ 
£ cs ee | 
% ss Pa 
o @ c YD ov 
= 53 2 EE« 
: 358 Fe < 
a" 
8 EHH rl ESE 
ao maitt Coon . 2 oe 3A= 
a I Conn Oo & a 
Lu Baill 7 ie < OO: 
a Ce ell Soest 
i 
f S 
| Lod Lod 
3 Oo 
0.01 0.1 1.0 1aqs>> 
Ic ~ Collector Current— A lc —Collector Current— A l¢ —Collector Current— A 
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NEC ELECTRON DEVICE 28C3531 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


-RL=150 2 






VIN 


IL 


com lowe 


PW=50 us j 


— v 
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NEC 


ELECTRON DEVICE 





NPN SILICON POWER TRANSISTOR 


2SC3533 








DESCRIPTION The eee . designed for high speed, high voltage, high : PACKAGE DIMENSIONS 
current switching. in millimeters (inches) 
This is suitable.for switching regulators and high frequency 
applications. (0.650 MAX. 
) | | 93.2+02 20.217 MAX) 
FEATURES ~ | © High Switching Speed | | ee TT 
| @ Wide Reverse Safe Operating Area i, = ” a 
Vcexdsus) 2 1000 V @Ic =1.5A es e oes 
o18 ae Pe 
ABSOLUTE MAXIMUM RATINGS ae sd fo 
Maximum Temperatures Zz 
Storage Temperature .......... —55 to +150 °C = 
Junction Temperature ........ 150°C Maximum a 
Maximum Power Dissipation (Te = 25 °C) | 
Total Power Dissipation .........-....... 70.W | 
Maximum Voltages and Currents (T3 = 25 °C) [abe 
Vepo Collector to Base Voltage ..... 1000 V iat Waa ta 
Vceo Collector to Emitter Voltage... 800 V 
Veso Emitter to Base Voltage...... 7.0- V 
le(oc) Collector Current (DC)....... 3 A. sf Sie (Fin) 
Icipulse) Collector Current (pulse)*..... 6 6 (UA | 3. Emitter 
Ipipc) Base Current (DC).......... 1.5 A 


*PW= 300 us, Duty Cycle <= 10% 
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NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL 


tan 

tstg 

tf 

hee.” 
hFEQ" 
hFE3* 
VCE (sat) 1= 
VBE(sat)1* 
VCE(sat)2° 
VBE(sat)2~ 
VCEO(SUS) 


= 


VCEXx(SUS) 


| IeBo 
| ICER 
| Icex4 


ICEX? 


lEBO 


CHARACTERISTIC 
Turn-on Time BS 
Storage Time 
Fall Time 
DC Current Gain 7 
DC Current Gain 
DC Current Gain 
Collector Saturation Voltage 
Base Saturation Voltage 
Collector Saturation Voltage 
Base Saturation Voltage 


Collector to Emitter Sustaining Voltage 
Collector to Emitter Sustaining Voltage 


Collector Cutoff Current 
Collector Cutoff Current 


Collector Cutoff Current 
Collector Cutoff Current 


Emitter Cutoff Current 


* Pulsed: PW = 350 us, Duty Cycle = 2% 


MIN. 


10 
10 


800 


1000 


TYP. MAX. 


1.0 
3.0 
0.5 
30 


0.8 
1.5 
1.0 
1.5 


100 
20 
100 


UNIT 


us 
Us 


=< << 85 < | 


<= 


uA 
mA 
LA 


mA 


pA 


2$C3533 





TEST CONDITIONS 


ton 


lc =2A, lp, =—lpo=O.8A 
Rv = 150 2, Vee = 300 V 


Vee =5.0V, Ic =0.2A 
VceE=5.0V, IC =04A 
VcE=5.0V,IC=1A 

Ic =1.0A, 1g =0.2A 
Ic=1.0A,1p=0.2A4 

Ic = 1.5A, Ip =0.3 A 
Ic=1.5A,1p=03A 

lc = 1.5 A, Ip = 0.3 A, L = 500 pH 


lc = 1.5 A, 2*lpq =—Ipo = 0.6 A, 
L = 180 wH, T, = 125°C, Clamped 


Vep = 800 V, Ip =0 
Vce=1000V, Ree =502,T,7125°C 
Vce = 1000 V, Vee(OFF)=—1-5V 


Vce =1000 V, Vee(orr) =—1-5V, 
Tg = 125°C 


Veg =5.0V, Ic =0 
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2SC3533 











Oo 
TYPICAL CHARACTERISTICS (T, = 25 C) 
TOTAL POWER DISSIPATION vs. FORWARD BIAS SAFE 
CASE TEMPERATURE OPERATING AREA 
‘ :  FloGpuise) MAX SESE 
| “| MAX. a rH : 
a =< c(00) A 
s L l 
| = 
2 = 1.0} 
Ss : 
wD a 
Q 80) < 
. = 
; = 
e° 3 
= oOo 0.1e= 
s d | ——t 
° S fe 
| aa t 
= 
os ooil_| | 





100 
—Case Temperature—°C 


TRANSIENT THERMAL 
RES TANCE 






Lhd) 


aeer 





ee i a a a 
anh a i — 


ee SSsiinne 






Hit 
antl 
10——= 


Sn 1 — 


a os tp rrr or 
=== =e e+ 
aedad Sits mesa 


—o Sei See 
— i 












LO 


Senee 





SS ——— i 
== 


rere 
op —— a a a | _———d 
==. SS == ae tte — 
a meant 
aqui 






SE sti 
Smt 
ut all 
1.0 1 100 


PW-— Pulse Width—ms 





1000 


Rth(j c)~ Transient Thermal Resistance—‘C W 


Dc CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee —DC Current Gain 





Ic — Collector Current —A 
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Voce Collector to Emitter Voltage—V 


REVERSE BIAS SAFE 
OPERATING AREA 


A 


lc — Collector Current 





600 
Vee Collector to Emitter Voltage —V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


—_ 
} 





—— 
—— ee = 
r+ 4H = 


VCE(sat) Collector Saturation Voltage— V 
VBE(sat) Base Saturation Voltage — V 


I¢ —Collector Current A 


- Turn-On Time— ys 


Nv, KE Cc ELECTRON DEVICE 





DERATING CURVE OF FOR- 
WARD BIAS SAFE OPERATING 
AREA 


~ Og. 
f= on oo o 
° o oS. o 


dT ~— Percentage of Rated Current 
Poo 
o 


~ 100 150 
T. Case Temperature —°C 


a 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


Ic Collector Current—A 





O 02 04 06 08 10 12 14 16 
Vee ~ Collector to Emitter Voltage—V 


STORAGE TIME AND FALL 
TIME vs. COLLECTOR CURRENT 


——  Wg=5+lgzigo=- 21g] 
bi pete] VCEsSO0V, Pulsed 
-——-—_- 

a ph op == 
Ew 
Ey 
ay 
mn @ 
s €l. 
= — 
vo = 
loan 
ny, 
bo 
ee 
het 





l¢ — Collector Current — A 


NEC ELECTRON DEVICE 2SC3533 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


Rp = 150 2 





VIN 


Jk 


suk 


os PW =50 us 
Duty Cycle=2 %~ VaR 5 V 


|" =300 V 
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NPN SILICON POWER TRANSISTOR 


2SC3534 


NEC 


ELECTRON DEVICE 








DESCRIPTION The 25C3534 is designed for high speed, high voltage, high PACKAGE DIMENSIONS 


current switching. | in millimeters (inches) 
This is suitable. for switching regulators and high frequency eae 
applications. (0.650 MAX.) 


5.5 MAX. 
¢3.2+02 (0.217 MAX.) 
| (40.126) : 


(0.197) 


FEATURES ® High Switching Speed 
® Wide Reverse Safe Operating Area 
VceEx (SUS) = 1000V @Ie=2A 


(0.12 MAX.) | 


19.5 MAX. 

fO.768 MAX.) 

3.0 MAX. 
16.3201 540.1 


(0.642) 





z= 
~|S | 
oi | A 





l | : fo110) 
ABSOLUTE MAXIMUM RATINGS po oessol 

Maximum Temperatures | mie aa 

Storage Temperature.......... —55 to +150 °C 10215)! 2515 

Junction Temperature ........ 150 °C Maximum e+ 4) 
Maximum Power Dissipation (T. = 25 °C) 

Total Power Dissipation................80W <.. Gen 
Maximum Voltages and Currents (T, = 25 °C) p Coles: (Fin) 

Vcpo Collector to Base Voltage..... 1000 V 

Vceo Collector to Emitter Voltage... 800 V 

Verso Emitter to Base Voltage...... 7.0 V 

lcioc) Collector Current (DC)....... 4 A 

ICipulse) Collector Current (pulse)... . . 8 OA 

Is(pc) Base Current (DC)....... re A 


* PW = 300 us, Duty Cycle < 10 % 
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NEC tectron vevice — | 28SC3534 





ELECTRICAL CHARACTERISTICS (T, = 25 “C) 
























SYMBOL CHARACTERISTIC TEST CONDITIONS 
ton .—s—~Ss«étT urr-on Time Oo 1.0 us a 
jg Se Ti ee eae 
tf Fall Time 0.5 MS 
hee.” DC Current Gain 10 30 as Voce =5.0V, Ic H=0.3A 
hee?" DC Current Gain 10 _ Vee =5.0V, Ic =06A 
hFe3* DC Current Gain 7 _ Wee=5.0V, 1c =15A 
VCE(sat)4" . Collector Saturation Voltage 0.8 V Ic=1.5A,!p=03A 
Portas Base Saturation Voltage ~ 1.5 V Ic=1.5A,lp=03A 
VCEl(sat)2” Collector Saturation Voltage 1.0 V Ic=28, |lp=0.4A 
| VBE(sat)2" Base Saturation Voltage 1.5 V Ic=2A, lp=04A 
VcEo(sus} Collector to Emitter Sustaining Voltage 800 V lc =2A, lp =0.4A, L=500 ae 
VCEX(SUS) Collector to Emitter Sustaining Voltage 1000 V Lae ened : a B2 x ‘on 
ICBO Collector Cutoff Current 100 uA ~=s- Veg = 800V, ig =0 
ICER Collector Cutoff Current 2.0 mA Vcg =1000V, Rgpe=502,T3=125°C 
ICEx1 Collector Cutoff Current 100 LA Vee = 1000 V, Vee(OFF) =—-1-5V 
| IcExa2 Collector Cutoff Current 2.0 mA se ee ee ieee 





Veg =5.0V,i¢=90 





| leRO Emitter Cutoff Current 


* Pulsed: PW = 350 us, Duty Cycle = 2% 
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2SC3534 


NEC trectron oevice 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE 


Py7—Total Power Dissipation—W 





100 
—Case Temperature—°C 


TRANSIENT THERMAL 
RESISTANCE 


SSS 
2 a es 


oD 1 
ee z SSS eee eee 









sii i fet 


Ses Pe oii ee eet meme t 
Spit meer tI 
Beil 


1 OFS 








04 Popes fh ec ee fi iin 

ate Stiioe oH HH Saas 
cet Hint i ai 

0.0 mau aa al aniiil 





100 1000 


a _ As Width—ms 


Rth(j-c)~ Transient Thermal Resistance—°C/W 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


| | : ; | 
1] | | i | 
| yay | | | la] 
i= : i] 7 5 
| ] f ] 
] } ! qi } a] 
| | iy 1 f al 
} | 10] 
Thee 558 | | 
| | Bat 
Es. 
peepee oe i a 


HH SE) a oe. HE 
a Ht + 


hee -DC Current Gain 


0.1 
I¢—Collector Current—A 
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DERATING CURVE OF FOR- 
WARD BIAS SAFE OPERATING 
AREA 


FORWARD BIAS SAFE 
OPERATING AREA Se 


I¢—Collector Current—A 





0 50 100. 150 
—Case Temperature—°C 


J 
100 — 1000 
Vce—Collector to Emitter Voltage—V Te 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


REVERSE BIAS SAFE 
OPERATING AREA 





















* T 
= = 
= 
oO ) 
S Ss 
8 a 
ro ro 
o 
6 ; 
=) 2 
0 200. 400. 600. 800. 1000 002 04 06 08 10 12 14 16 
| | Vce—Collector to Emitter Voltage—V 
Vce—Collector to Emitter Voltage—V CE é 
- San SO AGE Ws. STORAGE TIME AND FALL 
— COLLECTOR CURRENT ™ TIME vs. COLLECTOR CURRENT 
= MN 10 a I¢=5-lp1, —Ip2—2°lB1 
sw it Pulsed e —Voc+300 V, Pulsed 
c= ob tte = § a 
© = | | 
‘a o o 
= © 10h BE NSA ad Es Q 
as S & £1. 
88 ge 5 
® x 0.1 —=—— ae = ” = 
=< = arr Sir | Le 
Om F > seesitt = a coi 
| | Bae ii sai det tet 
7 Ht si il Hil 
a a ll SLUT 1 LL 0.1 
oO m 0.01 
. = Ic —Collector Current—A 


lc panes ee A 


NEC tcectron oevice | 2SC3534 


SWITCHING TIME (ton, tog, te) TEST CIRCUIT 


VIN 






Voc +300 V 


$—H |! 


: “bel 


PW+50 es 
Duty Cycle=2 % 


VeaRp=-5 Vv 





429 





ELECTRON DEVICE 





DESCRIPTION 


FEATURES 


ABSOLUTE MAXI 
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NEC 





The 25C3535 is designed for high speed, high voltage, high 
current switching. 

This is suitable for switching regulaters and high frequency 
applications. 


© High Switching Speed 
@ Wide Reverse Safe Operating Area 
Vcexi(sus) 21 000V @Ilc =3A 


MUM RATINGS 
Maximum Temperatures. 


Storage Temperature.......... —55 to +150 °C 

Junction Temperature ........ 150 °C Maximum 
Maximum Power Dissipation (T. = 25 °C) 

Total Power Dissipation ............... 100 W 
Maximum Voltages and Currents (T, = 25 °C) 

Vecspo Collector to Base Voltage.....1000 V 

Vceo Collector to Emitter Voltage... 800 V 

Vepo Emitter to Base Voltage......, 7.0 #V 

Icipc) Collector Current (DC)....... 6 A 

IC(putse) Collector Current (pulse)"..... 12 A 

Ig(oc) Base Current (DC).......... 3 A 


* PW = 300 ws, Duty Cycle =10% 


NPN SILLICON POWER TRANSISTOR 


2SC3535 


PACKAGE DIMENSIONS 


in millimeters (inches) 










16.5 MAX. 
(0.650 MAX.) 











| #32+02 


5.5 MAX. 
(0.217 MAX.) 
(60,126) my 


19.5 MAX. 
(0.768 MAX.) 





, 12.7 MIN. 


(0.500 MIN) 







Le Te 
: 3.0 ; 
| 1.05: 0.1 
, Th (o.041) 
5.45 | 5.45 
(0.215)! (0.215) 


1. Base 
2. Collector (Fin) 
3. Emitter 






NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 






SYMBOL CHARACTERISTIC MIN. TYP. 
ea Turn-on Time OO —_ 
tstg Storage Time 
tf Fall Time 
hee1* DC Current Gain 10 
| heED* DC Current Gain . 10 
hFE3* DC Current Gain 7 


VCE(sath1”- Collector Saturation Voltage 
VBE(sat)1" Base Saturation Voltage — 
VCE(sat)2* Collector Saturation Voltage 


| VBE(sat)2” Base Saturation Voltage 





| VCEO(SUS) Collector to Emitter Sustaining Voltage 800 
Vcexi(sus) Collector to Emitter Sustaining Voltage 1000 
ICBO Collector Cutoff Current 
ICER Collector Cutoff Current 
ICEXx1 Collector Cutoff Current 
ICEXx2 Collector Cutoff Current 
l1EBO | Emitter Cutoff Current 


* Pulsed: PW < 350 us, Duty Cycle =< 2 % 


MAX. 


1.0 
3.0) 
0.5 
30 


0.8 
1.5 
1.0 
1.5 


100 
2.0 
100 


2.0 









=< < < < <€ 


< 


uA 
mA 
LA 


mA 


I. 


“Vee =5.0V. 1c =2.5A 


285C3535 





TEST CONDITIONS 








No=4 A, 21g, =—Iga=1.6A 
Ri = 752, Vec = 300 V 







VceE=5.0V,Ic=0.5A 
Vce = 5.0 V,1¢=1.0A 







Ic =2.0A, Ip=0.4A 

lc = 2.0A, Ip =0.4A 

Ic =30A, Ip =06A4 

Ic =3.0A, Ip =0.6A : 
Ic =3 A, lg =0.6 A, L= 500 uH 


IC =3A, 2*lpy = —ig9 =1.2A, 
L = 180 wH, T, = 125°C, Clamped 


Vecp = 800 V, lp = 0 
Vce = 1000 V, Reg = 50 2, Tg = 125°C 
Voce = 1000 V, Vge(orF) = —-1-5 V 


Vce = 1000 V, VeE(OFF) = -1.5V, 
Ta = 125°C 


Veg = 5.0 V, Ic =0 
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2$SC3535 NEC ctectron pevice 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING CURVE OF 








0 O02 04 06 O8 10 12 14 16 


on 100 1000 0 200 400 600 800 1000 
Vce—Collector to Emitter Voltage—V 


ews Fiilee. Width ~ ms Vcge—Collector to Emitter Voltage—V 


TOTAL POWER DISSIPATION vs. FORWARD BIAS SAFE ; FORWARD BIAS SAFE OPERATING 
CASE TEMPERATURE OPERATING AREA eo AREA 

| F 

os! < 5 

3 Ps pe 

s c 6 

2 £ 

a a © 

tae i — 

3 . 5 

= 

a 3s | Bo 

Es ° 5 

| | 

= 2 

| a o 

= o 

oO A 

0 50 100 ~-—s«150 i000 «SOO 50 100 150 
Te—Case Temperature—‘°C Voge —Collector to Emitter Voltage—V 1, Case Temperature—"C 

= | COLLECTOR CURRENT vs. 
as TRANSIENT THERMAL REVERSE BIAS SAFE COLLECTOR TO EMITTER 
: RESISTANCE OPERATING AREA VOLTAGE 
S 10 ——— . . | 
= 
3 < a 
a -_ = 
& = a 
: : 
i) 
E 5 6 o 
— ‘hes 
= 3 2 
: B 4 2 
c = = 
od ° O 
g oO 2 2 
= s 

9 

= 

— 
& 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. STORAGE TIME AND FALL 
COLLECTOR CURRENT TIME vs. COLLECTOR CURRENT 


i) ——— 
4 
7 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 












O° SSE Vce-5 v 





tstg Storage Time us 
Fall Time—ys 


ty: 


hee—DC Current Gain 
ton ~ Turn-On Time— ys 





001 Ol 1.0 10 
l¢— Collector Current—A 


VCE(sat) ~Collector Saturation Voltage—V 


VBE(sat) ~Base Saturation Voltage —V 


lc — Collector Curent—A I¢—Collector Current—A 
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NEC ELECTRON DEVICE | 25C3535 





SWITCHING TIME (ton, tetg, te) TEST CIRCUIT 


VIN 


JL 
—lpwh— 


PW=50 us 
Duty Cycles2 % VBB=—5 V 


Voc= 300 V 
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NEC 


ELECTRON DEVICE 












NPN SILICON POWER TRANSISTOR 


2S5C3536— 





DESCRIPTION The 2SC3536 is designed for high speed, high voltage, high 
current switching. 
This is suitable for switching regulators and high frequency 


applications. 


® High Switching Speed 
@ Wide Reverse Safe Operating Area 
Vcex(sus) = 1000 V @Ic =4A 


FEATURES .- 


ABSOLUTE MAXIMUM RATINGS 
Maximum, Temperatures 


Storage Temperature............ —55 to +150 °C 

Junction Temperature .......... 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 

Total Power Dissipation. ........ ... = 1200=~. * W 
Maximum Voltages and Currents (Tz = 25 °C 

Vcso Collector to Base Voltage.... 1000 V 

Vceo Collector to Emitter Voltage... 800 V 

VeBo Emitter to Base Voltage..... 7.0 V 

le(pc) Collector Current (DC) ..... 8 A 

Ic(pulse) Collector Current (pulse) ... 16 A 

IBiDc) Base Current(DC) ........ 4 A 


* PW = 300 us, Duty Cycle = 10 % 
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19.5 MAX. : 


=| 
= | 
B- 
ou 


0.768 MAX: 


r= 


M 


10.500 Mi 





PACKAGE DIMENSIONS 


in millimeters (inches) 


Son (0.12 MAX.1 | adi 

oo 163*0.1 5401 [ae 
=n 
in 


O12 


O64). 


1. Base 
?. Collector (Fin) 
3. Emitter 


NEC trecrron vevice | | 2SC3536 





ELECTRICAL CHARACTERISTICS (Tg = 25 “C) 








SYMBOL CHARACTERISTIC IN. TYP. MAX, | TEST CONDITIONS 


Gn Turn-on Time _ . _ aie 
ic =6.0A, 2*lpj =—1p2=2.4A 


te Storage Time 
stg 3 R_ =50 2, Vec = 300 V 


tf Fall Time 

heei* DC Current Gain Vee =5.0 V,Ic=0.8A 
heEQ* DC Current Gain Vce =5.0V,Ic=1.6A 
hre3* DC Current Gain VcE=5.0V,IC=4A 
VCE (sat}1* Collector Saturation Voltage ' Ic=3.0A, Ip=0.6A 
VBE(sat)1* Base Saturation Voltage : Ic=3.0A, Ip=O0.64 
VCE(sat)2* Collector Saturation Voltage : Ic=4A; Ip =0.8A 
VBE(sat)2* Base Saturation Voltage : | Ic=4A, |p=0.8A 


Collector to Emitter Sustaining 


VCEO(SUS) Ic =4A, Ip =0.8A, L = 500 nH 


Voltage 

Weewites Collector to Emitter Sustaining lc = 4.0 ee 2*ipi = ~1B2 = 1.64, 
Voltage L = 180 wH, Tz = 125 C’ Clamped 

IcBo Collector Cutoff Current 100 Veg = 800 V, le =0 

IcER Collector Cutoff Current | Vce = 1000 V, Ree = 502, Tg = 125°C 

lcEx1 Collector Cutoff Current | Vce = 1000 V, Vee(orr) = —1.5 V 

Vce = 1000 V, Vge(OFF) =—1.5 V, 


IcEx2 Collector Cutoff Current Ta= 125°C 





leso Emitter Cutoff Current Vep=5.0V, Ic=0 


* Pulsed: PW =350 ws, Duty Cyele= 2 % 
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2SC3536 NEG tectron oevice 





TYPICAL CHARACTERISTICS (T, = 25 °C) 












TOTAL POWER DISSIPATION vs. FORWARD BIAS SAFE OPERATING DERATING CURVE OF FORWARD 
CASE TEMPERATURE AREA BIAS SAFE OPERATING AREA 
- r bt —— — == ss | 
= | SH aH} Pulsed ‘ | 
f et es ad = 
5 < : 
& “ S 
é : 3 
: é : 
$ S S 
& 8 & 
: 8 5 
2 
= D 
ia o 
I —_ _ | ened —_ 
0 50 100 150 UG 0 50 100 150 
—Case Temperature— °C VcE~Collector to Emitter Voltage—V Tc —Case Temperature—°C 
COLLECTOR CURRENT vs. 
> REVERSE BIAS SAFE OPERATING COLLECTOR TO EMITTER 
c>)6©6UC«<C TRANSIENT THERMAL RESISTANCE AREA VOLTAGE 
S22! cee Ess SET _ ) Zz . 
: ee 
& whe ! > = 
uh | | e] 
te Oe eres : + oP 
2 oe 5 = 
oe pT fo a = e 
3 ii ities biti a = 
5 Wil 1 3 
1.0 —$-4-$-+-444-——_4—_ +--+ 3-deel _ —_ 
3 SS en S S 
ja 2 8 
= I & re) 
@ Oo SA Sa HEE? Hills | 1 
° =e )=8=—|—O ° 
. PoE bth sii aii i maaiiilll 
3 0.01 atta 111 A | 
Ss ‘Bo 400 y 
S ~Collector to Emitter Voltage — 
e PW ii Width—ms VcE—Collector to Emitter Voltage—V NCE helene Eee § 
BASE AND COLLECTOR 
DC CURRENT GAIN vs. COLLECTOR SATURATION VOLTAGE vs. STORAGE TIME AND FALL TIME 
ried COLLECTOR SeBRent Peinitie COLLECTOR CURRENT 


hre—DC Current Gain 
Vce—Collector Saturation Voltage—V 
Vee — Base Saturation Voltage—V 

ton—Turn On Time— ys 

tstg Storage Time— ys 

t¢—Fall Time— ws 





I¢—Collector Current A I¢—Collector Current— A I¢—Collector Current —A 
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NEC ELECTRON DEVICE 


2SC3536 





SWITCHING TIME (ton, tstg, tf) TEST CIRCUIT 





RL=50 2 
VIN 
{Ll Vec=300 WV 
ee 
- . PW50 us | 
: Duty Cyclex2 % : 


Veap=-5 V 
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NPN SILICON TRANSISTOR 


2SC3544 


NEC 


ELECTRON DEVICE 











DESCRIPTION ~~ The 28C3544 is an NPN silicon epitaxial transistor intended 


for use as UHF oscillator and mixer in a tuner of a TV PACKAGE DIMENSIONS 
- in millimeters (inches) 

receiver. . aoa 

The device enables stable oscillation and small frequency (0.204 MAX.) 


drift against any change of the supply voltage and the 
‘= . ambient temperature. 


# 
alt 


> 
= 
== 
wm = 
uw ty 
2 


FEATURES ® High Gain Bandwidth Product; fr = 2 000 MHz TYP. 
® Low Collector to Base Time Constant; 
C. "lp = 2 pc TYP. 
@ Low Feedback Capacitance; C,, = 0.55 pF TYP. 


12.7 MIN 
(0.5 MIN) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





Storage Temperature.......... —55 to +125 °C ee 
Junction Temperature ........ 125 °C Maximum hs 
Maximum Power Dissipation (Ta = 25 °C) < = 
Total Power Dissipation. ..........«6.-. 250 mW 
Maximum Voltages and Current (Ta = 25 °C) ~ eee 
Vcpo Collector to Base Voltage ..... 30.6—CUV 3. COLLECTOR IEC ‘ee 
Vceo Collector to Emitter Voltage... 15 V 
Vespo Emitter to Base Voltage...... 3.0 V 
le Collector Current .......... 50 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 










| SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
| hFE DC Current Gain 60 «©1002 250——«w gs = 10, I= OMA 
fr Gain Bandwidth Product 2.0 GHz Vce=10V, le =—5.0mA 
Cre Feedback Capacitance 0.55 Vcep = 10 V, le = 0, f = 1.0 MHz 
Ce’l'b’b Collector to Base Time Constant 5 Vce = 10 V, Ile = —5.0 mA, f = 31.9 MHz 
IcBo Collector Cutoff Current : Vcp=12V, le =0 
VCE(sat) Collector Saturation Voltage lc = 10 mA, lp =1.0mA 


Classification of hee 


[ao Tw 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T3= 


INSERTION GAIN, MAXIMUM AVAILABLE 
GAIN vs. COLLECTOR CURRENT 


Gmax~ Maximum Available Gain- dB 


ta) 
o 
o 


PT 


$91¢e *—Insertion Gain— dB 


—Total Power Dissipation—W 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Free Air 


25. 50 75 100 
T, Ambient Temperature —"C 


5 10 
ie —Collector Current —mA 


125 


25 °C) 


Feedback Capacitance — pF 


Cre 





TYPICAL DEVICE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 





e 2 3 #57 10 «220 30 
Vcog Collector to Base Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


10 ae ee ns. a 0 2 ee ee ee ae 
po iat 
1 oo ec 


sii 
IH an 





5.0 10 
\¢—Collector Current—mA 


2SC3544 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee —DC Current Gain 





lc — Collector Current— mA 


COLLECTOR TO BASE TIME CONSTANT 
vs. COLLECTOR CURRENT 


" Hit ss SE So SE 










& 
Lee baa 
a coo 
fais idee 5 11] ae 
05 1 5 10 5070 


Ic —Collector Current—mA 


Ce‘rphpD Collector to Base Time Constant ~ps 


439 


28SC3544 | NEC trectron vevice 





S-PARAMETER 


VceE=10V, Ic =5mMA, 29 = 5022 


f(MHz) rsicl 78:3 St o, Si. | a ve 1 Soo | ? Se 
200 0.423 ~78.0 7.244 107.7 0.047 64.7 0.780 ~21.6 
400 0.244 107.9 3.756 84.2 0.062 58.8 0.744 24.2 
600 0.196  —1317 2.686 69.2 0.088 58.0 0.721 315 
800 0.187. —154.3 2.037 55.8 0.099 56.7 0.718 ~40.0 
1000" 0.175 1713 1.784 44.9 0.124 58.2 0.726 —49.6 
1200 0.171 166.5 1.428 36.1 0.149 58.0 . 0.756 58.9 
1400 0.174 147.7 1.308 26.2 0.179 57.2 0.774 _67.2 
1600 0.204 129.8 1.105 15.6 0.203 56.7 0.742 ~75.7 


Vee =10V, Ic =10mA, Zo= 5022 


f(MHz) 1Sa1 | 2 Bi Sax 1 oS 1Sia.1 re [Sal 75x 
200 0.281 — 100.6 8.206 98.9 0.060 74.9 0.712 —21.5 
400 0.220 —128.0 4.067 79.0 0.650 65.6 0.712 —22.6 
600 0.218 1512 2.892 65.6 ~~ 0.088 62.0 0.708 ~29.8 
800 0.181 ~172.8 2.175 53.4 0.101 62.2 0.694 —38.6 
1000 0.182 169.5 1.882 43.0 0.131 61.6 0.711 —48.0 
1200 0.190 150.8 1.503 34.6 0.154 61.9 0.732 —58.1 
1400 0.202 133.4 1.370 24.4 0.187 62.3 0.761 —66.6 
1600 0.241 120.0 1.150 14.7 0.208 62.1 0.735 ~749 
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NEC trectron vevice 2SC3544 









TYPICAL CHARACTERISTICS (Tg = 25 °C) 


oz O13 









oil 





S-PARAMETER 
Sie, Sne-F REQUENCY 


CONDITION Vee = 10 V, 200 MHz Step 






SS A 
Me aS oe 
Sco tt 























en 
PSS 
A? ‘e * 
te 
o 7 
0 












































ete = * 
ss ae ae eran eo 
= EPR 18 ce SS SES aye 
Sass BT , 
Bee RT a Bhe 
Sais ae 
pnstst et A st of - | ofc 
et : artes ie 
Sene- : PS Pv 
ito ——, “9 
er eee eee 
So1e-FREQUENCY CONDITION VcE=10V, 200 MHz Step Sire-FREQUENCY CONDITION Vce = 10 V, 200 MHz Step 


| 
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NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SC3566 is NPN silicon epitaxial transistor designed for 


FEATURES 


switching regulator, DC-DC converter and high frequency power 


amplifier application. 


Easy mount by eliminating Insulation Sheet and Bushing. 
® Low Collector Saturation Voltage. 
® High Switching Speed. 
® Complementary to 25A1394. 


ABSOLUTE MAXIMUM RATINGS 
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Maximum Temperatures 
Storage Temperature.............., —55 to +150 °C 
Junction Temperature ............ 150 °C Maximum 


Maximum Power Dissipation (Tz = 25 °C) pes 


Total Power Dissipation .........0....... 25 W 
Maximum Voltages and Currents (Ta = 25 °C) 
Vepo Collector to Base Voltage........ 150 V 
VcEO Collector to Emitter Voltage...... 60 V 
Vepo Emitter to Base Voltage......... 12 V 
lc(oc) Collector Current (DC).......... 5 OA 
ICiputse) Collector Current (pulse)*........ 10 A 
Igioc) Base Current (DC)............- 25 A 


* PW = 300 us, Duty Cycle = 10% 


NPN SILICON POWER TRANSISTOR 


283566 


eee: 


PACKAGE DIMENSIONS 


in millimeters (inches) 





10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 

. : 3.0 MAX. | 
Lae) 









720.2 


| (0.276) | 





(0.669) 


2 Collector 
@ Emitter 





i 
(0.1) | 
DL Base 





NEC ELECTRON DEVICE 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL 


Ton 


tstg 
ty 
NFE1 
hFE2 

| VCE (sat) 
VBE(sat). . 
VCEO(SUS) 


VCEX(SUS)1 


VCEX(ISUS)2 


IcBO 
| ICER 
| ICEx1 


ICEX2 


lEBO 


Classification of hres 





CHARACTERISTIC 
Turn-on Time 
Storage Time 
Fall Time 
DC Current Gain* 
DC Current Gain* 
Collector Saturation Voltage* 
Base Saturation Voltage” 


Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector to Emitter Sustaining Voltage 


Collector Cutoff Current 
Collector Cutoff Current 


Collector Cutoff Current 
Collector Cutoff Current 


Emitter Cutoff Current 








25C3566 





TEST CONDITIONS| 


lc =3.0A, 1p, =—Ipo =O3A 
RL =172, Vee +50 V 


Vce=50V, IC =O3A 

Vee =50V, 1c =3.0A 

Ic =3.0A,1p=03A 

Ic =3.0A,Ip=03A 

Ic =3.0 A, lp =0.3 A, L=1mH 


al 3.Q4, ley leo 0.3 A, 
L=180 wH, Clamped 


Ic = 6.0 A, lp, = 0.6 A, —lpo=0.3 A, 
L = 180 wH, Clamped 


Vcp=60 V,le=0 
Vee = 60 V, Ree = 51 ©, Tg = 125°C 
Voce = 60 V, VBE(OFF) = —1.5V 


Vce = 60 V, VBE(OFF) = —1.5 V, 
T= 125°C 


Vep=i10V,i¢=0 


* PW < 350 us, Duty Cycle < 2% 





[oem {| et | k 
60 to 120 100 to 200 






Test Conditions: Vcge =5.0V,Ic=3.0A 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 


DERATING CURVE OF SAFE 
OPERATING AREA 


FORWARD BIAS SAFE 
OPERATING AREA 
100 ——————— Ee 


._ GY 





eee ee Ie =25 C 
= oneal a Single 4 rs 
< Tt = yt TH H ~ 100 
S. < _ Ticcpulsey MAX. HH 5 
8] ad ——— ae 23 So == = = EE ae: 
EL = i oH: 
;— @ : x Ose Prt AH B 80 
& = 10,00) MAX HHH . 
a z) = . hee oe 
: 5 Seo, Ee 3 
3S o aa a cae 7° AEH w 
a 3 anes al [ Ya i a 40 
a O va] LE | ee = 
et 0.1 + ESS = A —S—_— — =s=5 ral 
= eee < ee i) 
7 ie ae 2 + FF = - a aa — * aaa ae 
1 Oo fp SE Die = aa ae a <0 
0 25. 50.75 100 125 150 175 10 10 100 1000 3 (0 50 100 150 


Vee Collector to Emitter Voltage—V T.—Case Temperature—‘C 


—Case Temerature— C 
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2SC3566 


TRANSIENT THERMAL 
RESISTANCE 


So a 
si a i Sle a 


—— oo —_——- ——ssl ———l os. eee: 
See a a mere: 
Sei: 4 elt a ae eee 










Se eee 06) i Em eerie) 





eat 
an ms Baetii 














ioc aii aii BUDE) RNA) MM 
Se sicisessii: wee 
i ia a 
= TISRE tf ita > $35 + ttt — + eee 
Sane ee i. achat 
ne ee 
aul ae irae a 


ii si a a 
Hai De a he 
1 a 2 2 | a i ee 





1000 


100 


a ; 
PW— Pulse Width: 5 


oat 
0.001 ii 


Rthj —c¢)~ Transient Thermal Resistance—"C/W 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


HH VCE = 5.0 V 
Rap Ei Pulsed 

















= anitil 

(<2) 

§ ==. ———— oe S eee: 

5 

© 

q 

“ SS ee ie i 

rs rsa al St Sis 

~ ailiiaiiiice sort 
LL 1g 





0.05 0.1 5 10 
lc" -Collector aay. ps 


0.01 


REVERSE BIAS SAFE 
OPERATING AREA 








fs 


lc Collector Current—A 





0 | 40 80 120 
Voce Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


(sat) Collector Saturation Voltage—V 





BE(sat) Base Saturation Voitage—V 


0.05 0.1 
lo- Coilector Current—A 


05 1 5 10 


VCE 
V 


SWITCHING TIME (ton, tstg, ts) TEST CIRCUIT 





“lew 


PW=+50 ws 
Duty CycleS2 % 


A44, 


RL=17 2 
ANNO 1 
,'C | 
‘Bl me 
T.U.T = 
bi, | Voc=50 V 
> IB2 | cc 
Veps—-5 V 


ton Turn on Time— us 


NEC erectron nevice 





COLLECTOR CURRENT vs. 
COLLECTOR TO EM!TTER VOLTAGE 


* 








Ic —Collector Current—A 


0 1 2 3 4 5 


Vee—Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR CURRENT 





1S : =— = 
: — Sic” 10-Igi= —10'lg2 
rr) ee Ue = a - 
. Se 
= 7 It a THT 
= @ 10 Hin stg | | ili 
® » or 
at a 
ak 
i 
li 
Ey 
va 

0.01 ee ill 
0.1 0.5 i 5 10 


Ic ~ Collector Current—A 








DESCRIPTION 


FEATURES 


, 
= 


ELECTRON DEVICE 





NPN SILICON POWER TRANSISTOR 


The 2SC3567 is NPN silicon epitaxial transistor designed for 
switching regulator, DC-DC converter and high frequency 


power amplifier application. 


® Easy mount by eliminating Insulation Sheet and Bushing. 


® Low Collector Saturation Voltage. 


@ High Switching Speed. 


® Complementary to 2SA1395. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
Storage Temperature.............. 


Junction Temperature 
Maximum Power Dissipation (Tg = 25 °C) 


Total Power Dissipation 
Maximum Voltages and Currents (T, = 25 °C) 


-_ 2 ©» © © © © © 2 8B 2 @ © B © Bw 


Vecso Collector to Base Voltage ........ 
VcEO Collector to Emitter Voltage...... 
VeBo Emitter to Base Voltage........ - 
lcipc) Collector Current (DC).......... 
IC(pulse) Collector Current (pulse)*. .. . . es 
lpipc) Base Current (DC)............. 


*PW = 300 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS (T, = 25 “C) 


SYMBOL 


ton 

tstg 

tf 

| Heeq 
NhFE2 
VCE (sat) 
VBE (sat) 


VCEO (SUS) 


VCEX (SUS)1 


VCEX (SUS)2 


IcBO 
ICER 
| 'CEx1 


ICEX2 


lEBO 


Classification 





Turn-on Time 


40 to 30 


MIN. TYP. 


CHARACTERISTIC 
Storage Time 

Fall Time 

DC Current Gain** 

DC Current Gain** 

Collector Saturation Voltage* * 
Base Saturation Voltage* * 
Collector to Emitter Sustaining 
Voltage 

Collector to Emitter Sustaining 
Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 


Collector Cutoff Current 


Emitter Cutoff Current 


of hees 





Le K 
60 to 120 


100 to 200 


MAX. 
0.5 


1.5 
0.5 


—55 to +150 °C 
150 °C Maximum 


W 


rPrp<ecec 


‘UNIT. 


us 





25C3567 









PACKAGE DIMENSIONS . 


in millimeters (inches) 


10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 














3.0 MAX, 
(0.118) 











2 Collector 
‘2 Emitter 





TEST CONDITIONS 


—= 


{ic =1.5 A, 1g_=—Ip2=0.15 A 
RL = 33 2, Vog +50 V 


Vce =5.0V, 1c = 0.2 A 
VcE=5.0V,IC=1.0A 
Ic=1.5A,1gp=0.15A 
c= 1.5A, Ilp=O.15A 


Ic =1.0A, 1g =0.1A,L=1mH 


lc =1.0 A, Ipq =—Ipo=90.1A, 

L = 180 wH, Clamped 

ic = 2.0 A, Ipaq = —!p2 70.2 A, 

L= 180 wH, Clamped 

Veg = 100 V, le =0 

Vce = 100 V, Ree = 51 2, Tg = 125°C 
Vce = 100 V, Vee(orrF) = —-1-5V 
Voce = 100 V, Vee(orF) = —1.5 V, 
Tg=i1265°C 

Veg =5.0V, 1c =0 





** PW < 350 us, Duty Cycle < 2 % 


Test Conditions: Vee =5.0V,Ic¢=1.0A 
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2SC3567 INWEG ELectRON bEvicE 





TYPICAL CHARACTERISTICS (T, = 25 C) 


TOTAL POWER DISSIPATION vs. FORWARD BIAS SAFE OPERATING OPERATING CURVE OF SAFE 


100 


_ 
ta 


80 


Ic Collector Current—A 


P7—Total Power Dissipation—W 
dT— Percentage of Rated Current—% 





Oo 06295 6©6500—Cls 75100 =+125 150 175 


T.--Case Temperature—°C Voge —Collector to Emitter Voltage—V 


T.—Case Temperature —"C 


| REVERSE BIAS SAFE OPERATING COLLECTOR CURRENT vs. 
TRANSIENT THERMAL RESISTANCE AREA COLLECTOR TO EMITTER VOLTAGE 
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Ts ——— S== | bisk 


ee ea eee oe 
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— 22) —seei}| sees as a ee 
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ete ESE ec 
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oa 
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NEC tcectron oevice 2SC3567 








SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


PW = 50 aes 
Duty Cycle = 2 .% 
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ELECTRON DEVICE 











DESCRIPTION 
switching regulator, DC-DC converter and high frequency power 
amplifier application. 

FEATURES ®@ Easy mount by eliminating Insulation Sheet and Bushing. 


® Low Collector Saturation Voltage. 


- ® High Switching Speed. 
@ Complementary to 2SA1396. 
ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ....... oe eT ee 


Junction Temperature 


Maximum Power Dissipation (Te = 25 °C) 


Total Power Dissipation ........ 


:6# &© © &# © #© © #&@ & &8 H # 


ee 


Maximum Voltages and Currents (T, =25 °C) 


Veso Collector to Base Voltage 
VeEO Collector to Emitter Voltage 
VEBO Emitter to Base Voltage 
lc(pc) Collector Current (DC) 
Ic(pulse) Collector Current (pulse) * 
Is(poc) Base Current (DC) 


ELECTRICAL CHARACTERISTICS (T, =25 °C) 
SYMBOL 





CHARACTERISTIC 
ton Turn-on Time 
tstg storage Time 


tf Fall Time 







hFeq DC Current Gain** 
hfe? DC Current Gain** 
hres DC Current Gain** 
VCE Isat) Collector Saturation Voltage * * 
VBE (sat) Base Saturation Voltage** 
Collector to Emitter Sustaining 
VCEO(SUS) —Vojtage 
Vv Collector to Emitter Sustaining 
CEX(SUS)1 Voltage 
| Collector to Emitter Sustaining 
VCEX (SUS)2 Voltage 
IcBO Collector Cutoff Current 
ICER Collector Cutoff Current 
Icex1 Collector Cutoff Current 
ICEx2 Collector Cutoff Current 
leEBo - Emitter Cutoff Current 


Classification of heeg : 
| Rank | MM {| ok 
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a ss @ #£ © & © @&© F 8 FR & 


. 5.0 


NPN SILICON POWER TRANSISTOR 


The 2SC3568 is NPN silicon epitaxial transistor designed for 


—55 to +150 °C 
150 °C Maximum 


* PW S 300 us, Duty Cycle = 10 





MIN. 


Se 


40 
40 
20 


100 


100 


100 





TYP, 





0.5 
1.5 
0.5 


200) 


0.6 
1.5 


10 
1.0 
10 


1.0 
10 


MAX. 





uA, 
mA 
uA 
mA 


BA 


**PW = 350 us, Duty Cycle = 2% 


2SC3568 









PACKAGE DIMENSIONS 


in millimeters (inches) 










10.5 MAX. 
(0.413 MAX.) 





4.7 MAX, 
(0.185) 






Ww 
V 
V 
” : 
A : ae : 
A. 
A 
% 





TEST CONDITIONS 






(ee A, lp, =—Igp27=0.5A 
RiL=10 2, Veco =50 V 






VcE=5.0V, Ic =0.5A 
Vee =5.0V, Ic=3.0A 
Vce=5.0 V, lc =504 
Ic=5.0A,|p=0.5A 
Ic=5.0 A, Ip=0.5A 









Ic=5.0A, Igp=0.5 A, L=1mH 






Ic =5.0 A, lpq=—lp2=0.54, 
L=180 wH, Clamped 

Ic=10A, |lp1,=1.0 A, —[po=0.5 4A, 
L=180 wH, Clamped 

Vcp = 100 V, Ile =90 

Vee = 100 V, Rpg =51 2, Tg= 125°C 
Vce = 100 V, VBe(OFF)=—1.5 V 
Vce = 100 V, VgBeE(OFF)=—-15V, 

Tz = 125°C 
Vep=5.0 V, Ic =0 









Test Conditions: VceE=5.0V,Ic=3.0A 








NE 


ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, =25 °C) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 
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PW—Pulse Width—s 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee DC Current Gain 





Collector Current—A 


IC 


Collector Saturation Voltage- V 
Base Saturation Voltage V 


VCE (sat) 


lc Collector Current— A 


Ic - Collector Current—A 


VBE (sat) 





FORWARD BIAS SAFE OPERATING 













—— 


10 pete A 


=. — 





VcE—Collector to Emitter Voltage—V 


REVERSE BIAS SAFE OPERATING 
We ceaclacae, = 


80 


0 20 40 60 100 120 140 


Vce- Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


-——} — =o Se = aes 


| Ic=10+lp 


us 


ton Turn on Time 


l¢ —Collector Current —A 


% 


I¢ - Collector Current--A dT~ Percentage of Rated Current— 


tste- Storage Time jus 


2SC3568 





DERATING CURVE OF SAFE 
OPERATING AREA 





T.—-Case Temperature— °C 


COLLECTOR CURRENT vs. 
pan edd TO esl 8 VOLTAGE 





VceE—Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE AND FALL 
ed VS, COLLECTOR CURRENT 


~Fall Time 


tf 





I¢ Collector Current—A 


449 


2SC3568 


NE 


ELECTRON DEVICE 





SWITCHING TIME (ton, tstg, ts) TEST CIRCUIT 





RL= 10 © 
TNA 
se | 
VIN | 'c 
IB1 
em Oa tT. = T.U.T — 
> | ‘ T Veco 50 V 
’ | 2 | 
spi, a=) | 
PW-=50 us aa 
Duty Cycles2 % BB™ 
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NEC 


ELECTRON DEVICE 








DESCRIPTION The 25C3569 is NPN silicon epitaxial transistor designed for 
switching regulator, DC-DC converter and high frequency power 


amplifier application. 


FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 


® Low Collector Saturation Voltage. 
® High Switching Speed. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ...... er eee —55 to +150 °C 

Junction Temperature .........-.... 150°C Maximum 
Maximum Power Dissipation (T. = 25 °C) 

Total Power Dissipation. ..........06. -ee 1S We 
Maximum Voltages and Currents (T = 25 °C) : 

VcBo Collector to Base Voltage ......... 500 V 

VcEO Collector to Emitter Voltage....... 400 V 

VeBo Emitter to Base Voltage ....... --» #0. .V 

lc(ioc) Collector Current (DC)........... 2.0 A 

ICipulse) Collector Current (pulse)*......... 4.0 A 

Isipc) Base Current (DC).............. 1.0 A 


* PW <= 300 us, Duty Cycle = 10 % 


NPN SILICON POWER TRANSISTOR 


17+ 0.2 
(0.669) 





2SC3569 





PACKAGE DIMENSIONS 


in millimeters (inches) | 
| 
| 


10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 





brs 


(D Base 
2 Collector 
(3) Emitter 
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2SC3569 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC MIN. 


ee ee ee 


| ton Turn-on Time 


| tstg Storage Time 


| ty Fall Time 


heei* DC Current Gain 

heeo* DC Current Gain 

VCE(sat)- Collector Saturation Voltage 
VBE lsat)” Base Saturation Voltage 


Collector to Emitter Sustaining 
VCEOISUS) Voltage 


| Collector to Emitter Sustaining 
| VCEX(SUS)1 Vojtage 


Collector to Emitter Sustaining 
VCEX(SUS)2 Voltage 

IcBO Collector Cutoff Current 

ICER Collector Cutoff Current 

ICEXx1 Collector Cutoff Current 

ICEx? Collector Cutoff Current 

lEBO _ Emitter Cutoff Current 


* PW = 350 ws, Duty Cycle = 2% 


Classification of here 


FS a a 





Test Conditions: Vce = 5.0 V, le =0.2 A 
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UNIT 


us 
Ms 
Us 


NEC ELECTRON shashine 





TEST CONDITIONS 


cee eee ee ee as 


Ic = 0.7 A, lpq =—lIpo=0.14 A 
Ry, = 2149, Vee = 150 V 


Vee =5.0V, 1c =0.2A 

Vee =5.0V, Ic =0.5A 

Ic =0.7A4,1g=0.14 A 

Ic = 0.7 A, ip=0.14 A 

Ic = 0.54, 1g = 0.1 A, L=1 mH 

lc = 0.5 A, Iq = —Ipo =0.1 A, 

L = 180 wH, Clamped 

lc = 1.0 A, lpqy = 0.2 A, —Ipo = 0.1 A, 
L = 180 wH, Clamped 

Veep = 400 V, le =0 

Vege = 400 V, Ree = 512, T,= 125°C 
Vee = 400 V, VeeIoOFF) = —1-5 V 
Vce =400V, Vge(OFF) =—1.5V, Tg = 125°C 
Veg =5.0V,Ilc=0 





NEC ttectron vice | 2SC3569 | 





TYPICAL CHARACTERISTICS (Ty =25 °C) 


TOTAL POWER DISSIPATION FORWARD BIAS SAFE 
vs. CASE TEMPERATURE OPERATING AREA 


DERATING CURVE OF SAFE 


a. 
rie) 







Ee 
2000p) Ss 
ic(oc) MAKANL 





100 ===... 
ne 
50-—4 ee 


P7—Total Power Dissipation—W 
Ic Collector Current—A 
ho 
= 





dT Percentage of Rated Current 





1°25 10 20 50 100 200 500 0 ~ 50 100 150 
Voge —Collector to Emitter Voltage—V T.—Case Temperature —°C 


T.—Case Temperature—"C 


COLLECTOR CURRENT vs. 





















TRANSIENT THERMAL REVERSE BIAS SAFE OPERATING COLLECTOR TO EMITTER 
RESISTANCE AREA : VOLTAGE 

itis HF ———— 1.0; - 

He Tr 3 1 VCE> 10 i 


Hh Single Pulse | 
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tt i aU l G oO Et 
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BO ee 
SON tlie 





mai 





| | 
ee 
amit 





Rth(j-c)~ Transient Thermal Resistance—°C/W 









=e ere ee “TTT TT 
anima th het 0 100. 200. 300. 400 500 
| ] I | | Ht] ; 3 
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PW-— Pulse Width—s 
_ BASE AND COLLECTOR SATURA- TURN ON TIME, STORAGE TIME 
DC CURRENT GAIN vs. TION VOLTAGE vs. COLLECTOR AND FALL TIME vs. COLLECTOR 
COLLECTOR CURRENT > CURRENT CURRENT 
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5 = Ego ef tt 
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2SC35 
C356 | NEC tcecteon oevice 





SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


Rp=2l4 & 





VIN 


‘Bl | 
in lewL | ion V 


PW+50 wus 


Duty Cycles? % VBB=—5 V 
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NPN SILICON POWER TRANSISTOR 


2SC3570 





NEC 


ELECTRON DEVICE 








DESCRIPTION The 2SC3570 is NPN silicon epitaxial transistor designed for 
switching regulator, DC-DC converter and high frequency power 







PACKAGE DIMENSIONS 
in millimeters (inches) 


10.5 MAX. 47 MAX. 
(0.413 MAX.) (0.185) 


amplifier application. 












3.0 MAX. 
FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. \0.118) 





® Low Collector Saturation Voltage. 
® High Switching Speed. 


17+0.2 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature................—55to +150 °C 
Junction Temperature ............-. 150 °C Maximum 
Maximum Power Dissipation (Tc = 25 “C) 
Total Power Dissipation ............00c00- 25 W 
Maximum Voltages and Currents (T, = 25 °C) 


O.8 + O.1 4] 1) 1.340. Sty 2.52 0.1 
(0.031) |} | (6. 5 (0.098) 


Vcgo Collector to Base Voltage ......... 500 V 

VcEO Collector to Emitter Voltage....... 400 V ® Collector 
Vepo Emitter to Base Voltage.......... 8.0 V ee 
lc(oc) Collector Current (DC)........... 50 A 

ICipulsey) Collector Current (pulse)*......... 10 A 

lg(pc} Base Current (DC)... . cece ce cee 2.5 A 


* PWS 300 us, Duty Cycle = 10 % 
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2SC3570 NEC tcectron DEVICE 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





SYMBOL ‘CHARACTERISTIC IN. 3 _ UNIT TEST CONDITIONS 
ton Turn-on Time 1.0 us 
S Ti 20 Ic = 2.0 A, lp1=—lp2=04A 
| i a 5 
‘st alien i RL = 752, Vec = 150 V 
tf Fall Time 0.7 us 
hee 1” DC Current Gain : 20 80 — Voce =5.0V, 1c =0.5A 
hee" DC Current Gain 10 — Vee =5.0V, 1c =2.0A 
VCE (sat)* Collector Saturation Voltage 1.0 V Ic =2.0A4, Ip =O04A 
VBE(sat)* ~~ ~Base Saturatian Voltage 1.2 V Ic =2.0A,lp=04A 
Collector to Emitter Sustaining 
4 V lc = 2.0 A, lp = 0.4 A, L=1 mH 
VCEOISUS) Voltage 00 C B= 0 m 
V Collector to Emitter Sustaining 450 y Ic = 2.0 A, lpi =—!p2=04 A, 
BEAMS: “Voltage L = 180 wH, Clamped 
Vv | Collector to Emitter Sustaining 400 | y Ic = 4.0 A, lp, =0.8 A, —Igpo = 0.4 4A, 
CEXISUSI2 Voltage L = 180 uH, Clamped 
IcBo Collector Cutoff Current 10 LA Vep = 400 V, le =0 
| 'CER Collector Cutoff Current 1.0 mA Vee = 400 V, Reg = 512, 7, = 125°C 
ICcEx1 Collector Cutoff Current 10 » Mi Vee = 400 V, Vee(orFF) = —1.5 V 
| IcEx2 Collector Cutoff Current 1.0 mA Voce =400 V, Vee(OFF) =—1-5V, Tg = 125°C 
lEBO Emitter Cutoff Current 10 LA Veg =5.0V, lo =0 


* PW 3350 ws, Duty Cycle = 2% 


Classification of heey 
roe [ » [et | «K 
201040 | 30to60 | 40to80 


Test Conditions: Vce=5.0V,l¢ =0.5A 
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NEC ELECTRON DEVICE 2 S C 35 70 





TYPICAL CHARACTERISTICS (T, = 25 °C) 





TOTAL POWER DISSIPATION FORWARD BIAS SAFE DERATING CURVE OF SAFE 
vs, CASE TEMPERATURE OPERATING AREA ~ OPERATING AREA 
| 5 
S = 
® t . 
oo | G 
wi = a 
wn te 2 
ral £ nd 
‘tes a 
: : : 
— £ BD 
oe 
3 2 5 
EB o = sitet S 
+4 @ 
_ oO J cedheecbehecbeed oh 
cL 
0.01 | 
0 75 100 125 150 175 1 2 § 10 20 50 100200 5001000 





Te—Case Temperature — °C Vce—Collector to Emitter Voltage—V Te Case Temperature °C 


COLLECTOR CURRENT vs. 
TRANSIENT THERMAL REVERSE BIAS SAFE OPERATING COLLECTOR TO EMITTER 
RESISTANCE | AREA ae VOLTAGE 





O 
B | Hh Single Pulse e 
e | x 
= 3 4 
am 5 6 
: : ; 
— o 
5 : 3 
= Ei 2 
a So < Oo 
$ ° & 1, 
S L a = 
Ss | : & - 
C) | 9100 200 300 400 500 a car — a an 
oe 
PW— Pulse Width—s 
BASE AND COLLECTOR SATURA- TURN ON TIME, STORAGE AND 
DC CURRENT GAIN vs. TION VOLTAGE vs. COLLECTOR FALL TIME vs. COLLECTOR 
COLLECTOR CURRENT 


EEOnEsE CURRENT 














be SEE ao] 
—— sasces ae CE 
S00F + tet tte Pulsed 


+ -+- + At Attic oom 


ii —— +++ +t 
} 
~~) —+ mates -—4 t + > Til tt tee 


at 


a -> =: > —-—— - 7 
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@aeaeece =SSses os « 
> amaere 
ee GS SS Oe 88: 





hre —DC Current Gain 


ton — Turn on Time —zs 
tstg~ Storage Time — us 
—Fall Time— us 






= 1 ermaatt or Settee oh = ton 
aE oT o2t LO 02h tii ae 
Fo Sar Th SSSI «= MEER 
0.01 0.02 0050102 05 1 2 #5 10 “0.01 0.02 005 0102 05 1 2 #5 10 0.1 0.2 05 1 2 5 10 


VcE(sat)~ Collector Saturation Voltage— V 


VBE(sat)~ Das? Saturation Voltage—V 


Ic —Collector Current—A io—Collector Current—A I¢—Collector Current—A 
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28C3570 | | NEC trecteon vevice | 





SWITCHING TIME (ton, tetg, te) TEST CIRCUIT 


ViN 


we 
pul, 


PW=50 ws 
Duty Cycles2 % 


Veco 150 V 
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NPN SILICON POWER TRANSISTOR 


(2803571 






NEC 


ELECTRON DEVICE 








PACKAGE DIMENSIONS 


in millimeters (inches) 


switching regulator, DC-DC converter and high frequency power 


amplifier application. 
10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 


=) 


FEATURES @ Easy mount by eliminating Insulation Sheet and Bushing. 
® Low Collector Saturation Voltage. 


DESCRIPTION The 2SC3571 is NPN silicon epitaxial transistor designed for 
® High Switching Speed. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature .............000. —55 to +150 °C 
Junction Temperature ..........008.% 150 °C Maximum | 


Maximum Power Dissipation (T, = 25 °C) 


Tr 





Total Power Dissipation ...........0+e00- 30 W (3.059) 


2.54 
(0.1) 





Maximum Voltages and Currents (Tg = 25 °C) 


Vcgo Collector to Base Voltage. ........ 500 V —— @ Base 
VcEO Collector to Emitter Voitage....... 400 V — ; See ; 
VeBo Emitter to Base Voltage .......... 7.0 V 

Icioc) Collector Current (DC)........... 7.0 A 

IC(puise) Collector Current (pulse)"......... i5 A 

Ipiocy Base Current (DC).............. 3.5 A 


* PW = 300 us, Duty Cycle = 10% 
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2SC3571 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL 






ton 
| tstg 

tf 

hFe1* 
hFEQ* 
hFE3* 
VCE (sat)* 
| VBE(sat)* 


| VcEO (SUS) 
| VCcEXx(SUS)1 


VCEX(SUS)2 


ICBO 
ICER 
ICEX1 
| ICEX2 
| 'EBO 











CHARACTERISTIC 


Turn-on Time 





Storage Time 

Fall Time 

DC Current Gain 

DC Current Gain 

DG. Current Gain 

Collector Saturation Voltage 
Base Saturation Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 


Emitter Cutoff Current 


* PW =< 350 us, Duty Cycle = 2% 


Classification of hee 





Test Conditions: Vee = 5.0 V, Ic =1.0A 
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MIN. 


20 
20 
10 


400 


450 


400 


1.0 
1.2 


10 
1.0 
10 
1.0 





=< < 


< 


uA 
mA 
uA 
._ MA 





NEG ELECTRON DEVICE 









TEST CONDITIONS 





Ic = 3.0 A, Ig1 = —Ip2=0.6A 
R_ =502, Veer =150V 







Voce =5.0V, IC =0.1A 
VcE=5.0V, 1c =1.0A 
VcE=5.0V, IC =3.0A 
Ic=3.0A,!g=06A 
Ic =3.0A, Ip=0.6A 










Ic =3.0A, lp =0.6A,L=1mH 






lc = 3.0 A, Ilpy = —!p2=0.6 A, 

L = 180 wH, Clamped 

Ic = 6.0 A, Igy = 2.0 A, —lpo = 0.6 A, 

L = 180 wH, Clamped 

Vcp = 400 V,le=0 

Voce = 400 V, Ree = 51 2, Tg = 125°C 

Vee = 400 V, Vee(orr) =—1-5V 

Voce =400V, Vee(OFF)=—1-5V, Ta= 125°C 
Vep=5.0V, Ic =0 













™. E Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPE RATURE 


Power Dissipation—W 


PT —Total 


Te Case Temperature -°C 


TRANSIENT THERMAL RESISTANCE 
HY VcE—10 V | 
Single Pulse 


“CW 


=e 
= ima Ban 
von ci asin 


eae —— er — 


‘iia aii siti ith 


i 
oS 


10 saa 


a 


he stat 1 | 
r ai si 


j-c)— Transient Thermal Resistance 


aii siti isi 
OO 0. . 000 





PW —Pulse Width —s 


DC CURRENT GAIN vs. 
peices CURRENT 


aaa 


hee —DC Current Gain 


———— | 
—— 
—— 
aac 
— 
a 
hn ae 

; Sr} CT 





I¢—Collector Current—A 


VCE(sat)— Collector Saturation Voltage—V 
VBE(sat)~ Base Saturation Voltage—V 





lc —Collector Current —A 








2$C3571 





FORWARD BIAS SAFE 


OPERATING AREA DERATING CURVE OF SAFE 


OPERATING AREA 


dT Percentage of Rated Current --% 





Voce —Collector to Emitter Voltage—V 
T.—Case Temperature— °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


REVERSE BIAS SAFE 
OPERATING AREA 


lc —Collector Current —A 





500 0 ; ss « « 5 
Vce— Collector to Emitter Voltage—V 


0 100 200 300 400 
Vce—Collector te Emitter Voltage—V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
ciniepeeairiaha CURRENT 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR 
CURRENT 


. eee a oe 
tt} roe 


© ae ———TT bla 


ton— Turn on Time— ys 
tstg — Storage Time— us 





Ic- Collector Current— I¢—Collector Current—A 
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2$8C3571 NEC ELECTRON DEVICE 





SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


“pwh 


PW=50 wus 
Duty Cycles? % 
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NPN SILICON POWER TRANSISTOR 


2SC3572 





NEC 


ELECTRON DEVICE 














DESCRIPTION The 25C3572 is NPN silicon epitaxial transistor designed for 


switching regulator, DC-DC converter and high frequency power PACKAGE DIMENSIONS | 


afriplitice aballexeen in millimeters (inches) 


10.5 MAX. 4.7 MAM. 
(0.413 MAX) (0.185) 










) 
FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. | 


®@ Low Collector Saturation Voltage. 
@ High Switching Speed. 








ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature........... See ts —55 to +150 °C 

Junction Temperature .............- 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 

Total Power Dissipation .............02+6- 30 W 
Maximum Voltages and Currents (Ta = 25 °C) 

Vcpo _— Collector to Base Voltage.....+... 500 V | 

Vceo Collector to Emitter Voltage....... 400 V | a hae 

Vepo Emitter to Base Voltage.......... 70 V | 

lcipc) _ Collector Current (DC). .......... 10 A 

Ic(puise) Collector Current (pulse)"......... 20 A 

Isipoc) Base Current (DC).............. 50 A 


* PW = 300 us, Duty Cycle = 10% 
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2SC3572 NEC ttectron DEVICE 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 






SYMBOL CHARACTERISTIC I, TYP. v. TEST CONDITIONS 


Ic =6.0 A, lpy =—Ipo=1.2A 


tstq Storage Time RL = 259, Voc =150V 


ton Turn-on Time . ( 

tf Fall Time 

hree1* DC Current Gain Voce =5.0V,1c=1.0A 
heeo* DC Current Gain Voce =5.0V, 1c =3.0A 
| hees* DC Current Gain : Vce = 5.0 V, Ic =6.0A 
VCE(sat)* Cellector Saturation Voltage lc =6.0A,Ip=ai.2a 
VBE(sat)* Base Saturation Voltage . LE Ic =6.0A, Ipai.2za 


Collector to Emitter Sustaining 


=p. le = Fs =| = 4 
Voltage Ic =6.0A, lp =1.2A,L=1m 


| VCEO(SUS) 


Collector to Emitter Sustaining Ic = 6.0 A, lp, = —Ipg=12a, 


V . 
CEX(SUS)1 Voltage L = 180 uwH, Clamped 


| VcEXisus2 ale y to Emitter Sustaining | fi. 12 A, lpq = 2.4 A, —Ipo = 1.2 A, 

| oltage L = 180 wH, Clamped 

| IcBo Collector Cutoff Current Vep = 400 V, Ile =0 

| Icer Collector Cutoff Current . Vce = 400 V, Reg = 51 2, T, = 125°C 
IceEx1 Collector Cutoff Current Vce = 400 V, Vee(OFF) = —1-.5V 
IceExa Collector Cutoff Current Voce =400 V, Vee(OFF) =—1-5 V, Tg = 125°C 
lEBO Emitter Cutoff Current Vep = 5.0V, Ic =0 


* PW = 350 us, Duty Cycle = 2 % 


Classification of hee, 


nk 


Test Conditions: Vee = 5.0 V, Ic =1.0A 





20t0o40 | 30to60 40to8so | 
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NEC ELECTRON DEVICE | 28C3572 





TYPICAL CHARACTERISTICS (T, = 25 °C) 
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28C3572 | NEG ettectron pevice 





SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


~ wk 


PW+50 ws 
Duty Cycles? % 


Voc*= 150 
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NPN SILICON POWER TRANSISTOR 


2SC3573 


NEC 


ELECTRON DEVICE 













DESCRIPTION The 2SC3573 is NPN silicon epitaxial transistor designed for - 
switching regulator, DC-DC converter and high frequency power PACKAGE DIMENSIONS 


in millimeters (inches) 





amplifier application. 
4.7 MAX. 
(0.185) 








3.0 MAX. 
(0.118) 





FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. | 
7 ® Low Collector Saturation Voltage. 
® High Switching Speed. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature................ —55 to +150 °C 
Junction Temperature ............. 150 °C Maximum | 
Maximum Power Dissipation (Tg = 25 °C) 
Total Power Dissipation................. 30 W 
Maximum Voltages and Currents (Ty = 25 °C) 





Vesa Collector to Base Voltage ....7.... 500 V @ Base 

Vcea Collector to Emitter Voltage. ...... 400 V . ee 

Vesa Emitter to Base Voltage .......... 70 V 

lcioc) Collector Current (DC)........... 5.0 A ) 
ICipulse) Collector Current (pulse)*......... 10 A a 

Ipipoc) Base Current (DC)... .......-.066:. 2.5 A =a ee 


* PW S300 us, Duty Cycle = 10% 
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2SC3573 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





SYMBOL CHARACTERISTIC MIN. 


| ton ‘Turn-on Time 
tstg Storage Time 
| tf Fall Time 
heei* Dc Current Gain : 10 
hre2* DC Current Gain 10 
| hees* DC Current Gain 8 
| VCE(sat)* ‘Sollector Saturation Voltage 
VBE(sat)* Base Saturation Voltage 


Collector to Emitter Sustaining 





V | | 
| YCEOISUS) Voltage 400 
Collector to Emitter Sustaining 
V us) 
CEX(SUS)1 Voltage 450) 
Collector to Emitter Sustaining 
V 
CEX(SUS)2 Vojtage 400 
IcBo Collector Cutoff Current 
ICER Collector Cutoff Current 
| ICceExX4 Collector Cutoff Current 
IceEx2 Collector Cutoff Current 
| lEBO Emitter Cutoff Current 


* PW = 350 us, Duty Cycle S 2% 


Classification of hee; 


1Oto30 | 


Test Conditions: Vog = 5.0 V, Ic =0.5A 















201040 | 30toG0 
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NEC ELECTRON DEVICE 









TEST CONDITIONS 
lc = 2.0 A, lp, =—lIpo=O04A 
Rx. =75 2, Vec =150 V 





Vc =5.0V, Ic =0.5A 
VcE=5.0V, IC =1.0A 
VcE=5.0V, Ic =2.0A 
Ic =2.0A,1p=04A 
Ic=2.0A,IBp=04A 








Ic =2.0A, lp =0:4A,L=1mH 






Ic = 2.0 A, lpi = —Ipo = 0.4 A, 

L = 180 wH, Clamped 

Ic =4.0A, Ip, =0.8 A, —lpo=0.4A, 

L = 180 wH, Clamped 

Vep = 400 V, Ile =0 

Vee = 400 V, Ree = 51 2, Ta = 125°C 

Vce = 400 V, Vee(OFF) = —1-5 V 

Vce = 400 V, Vge(OFF) =—1.5V, Tg = 125°C 
VeRn =5.0V,Ic=0 













NEC ELECTRON 2 CE 


TYPICAL CHARACTERISTICS (T. = 25 °C) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 
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500 


ton—Turn on Time—ys 


I¢—Collector Current—A 


tstg—Storage Time—ys 
t¢—Fall Time—ps 


dT Percentage of Rated Current % 





2SC3573 





DERATING CURVE OF SAFE 
OPERATING AREA 





Te Case Temperature— “ 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 





Vce—Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR 
CURRENT 


10 SHic—5- | a iB 






I¢—Collector Current—A 
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2SC3573 | NEC ctectron oevice 


SWITCHING TIME (ton, tstg, t¢) TEST CIRCUIT 


R; =25 Q 


Voc = 150 V 
dew. 


PW+50 us 
Duty Cyclex2 % 





Veap=-5 V 





ton iste tf 
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NPN SILICON POWER TRANSISTOR 


2SC3574 


NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SC3574 is NPN silicon epitaxial transistor designed for Oe 





switching regulator, DC-DC converter and high frequency power PACKAGE DIMENSIONS 
seaihittiie fe at in millimeters (inches) 
p app 7 10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 









13.0 MAX. 
(0.118) | 





FEATURES _ e@ Easy mount by eliminating Insulation Sheet and Bushing. aoe 
® Low Collector Saturation Voltage. 
® High Switching Speed. 33 
nol 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature................ —55 to +150 °C 
Junction Temperature ...........0.. 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 08% 3; 
Total Power Dissipation.......... ne wees 30 W | 6 | 
Maximum Voltages and Currents (Tz = 25 ge (01) : 
Veso Collector to Base Voltage... va... 500 V @ Base | 
Vceo Collector to Emitter Voltage....... 400 V : ira 
Vespo Emitter to Base Voltage.......... 7,0. -V 
lcioc) Collector Current (DC)........... 7.0 A 
IC(pulse) Collector Current (pulse)"......... 15 A 
Ig(oc) Base Current (DC).............. 7, OS 


* PW S 300 us, Duty Cycle = 10 % 
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2SC3574 NEC eiccrnon ence 











ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC MIN. | — : TEST CONDITIONS 








Turn-on Time 
lc =3.0A, ley = —Ipga =0.6A 


Storage Time 
R_ = 502, Vec =150 V 


Fall Time 
hee1* DC Current Gain i Vce =5.0V, Ic =0.7A 
hees* DC Current Gain ~ : | Vee =5.0V, Ic =1.5A 
| hees* DC Current Gain Vee =5.0V, Ic =3.0A 
VCE (sat)” Colfector Saturation Voltage . 1. Ic =3.0A, lp=O06A 
| VBE (sat)”* Base Saturation Voltage : Vv IC =3.0A,1Bp=0.6A 


i 


Collector to Emitter Sustaining 


Voltage Ic = 3.04, 1p =0.6A,L=1mH 


VCEO(SUS) 


Collector to Emitter Sustaining 450 Ic = 3.0 A, Ipq = —Ipo= 0.6 A, 
Voltage L = 180 wH, Clamped 

Collector to Emitter Sustaining 400 lc =6.0 A, Ipz = 1.2 A, —lgpo = 0.6 A, 
Voltage L = 180 wH, Clamped 


VCEX(SUS)1 


| VCEXx(sus)2 
| Icgo Collector Cutoff Current Vog = 400 V, Ig =0 
ICER Collector Cutoff Current : Voce = 400 V, Ree = 51 2, Ts = 125°C 
ICEX1 Collector Cutoff Current | Vce = 400 V, Vee(OFF) = —1-5 V 
ICEX? Collector Cutoff Current : Vce =400V, Vee(oFF) =—1.5V,T,=125°C 
lEBO Emitter Cutoff Current — BA Veg =5.0V,Ilc=0 
* PW < 350 us, Duty Cycle < 2% 


Classification of hee, 
Trek | w [2 * 


Test Conditions: Vee =5.0V,Ilc=0.7A 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION 
VS. XT TT 
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DERATING CURVE OF SAFE 
OPERATING AREA 


dT - Percentage of Rated Cufrent - % 





So 


T. - Case Temperature— °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
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Vce—Collector to Emitter Voltage—V 


TURN ON TIME, STORAGE AND 
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| 28C3574 NEG trectron oevice 





SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


Ry =50 Q 
VIN 
{Le ~ 


ae 


PW+50 ws 
Duty Cyclez=? % 


Veco +150 V 


}—4 || — 





VBB=-—5 V 





ton tste tf 
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NPN SILICON TRANSISTOR 


2SC3615 


NEC 


ELECTRON DEVICE 

















requiring High DC Current Gain. PACKAGE DIMENSIONS 
This is suitable for all kind of driving, instead of Darlington 


Transistor, or muting. 


DESCRIPTION The 2SC3615 is designed for general-purpose applications | 


in millimeters {inches} 





FEATURES ® High DC Current Gain. 
7 hee = 800 to-3200 (@ Vce = 5.0 V, Ic = 100 mA) 
® Low Collector Saturation Voltage. 
Vice (sat) =0.11 V TYP. (@ Ic/lp = 100 mA/1.0 mA) 
° High Vepo : Vepo = 15 V 
®@ High Total Power Dissipation. :P7 = 0.75 W (@ T, = 25°C) | 


2 
a 


. ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





Storage Temperature............. —55 to +150 °C | 

Junction Temperature ........... 150°C Maximum | 
Maximum Power Dissipation (T, = 25 °C) | 

Total Power Dissipation ........... coeaes OJOW | 
Maximum Voltages and Currents (T, = 25 °C) 

Vcpo Collector to Base Voltage ...... ees 

Vceo Collector to Emitter Voltage....... 50 =#2V 

Vego Emitter to Base Voltage.......... 15 V | 

Ic Collector Current (DC)........... 300 mA | es. tees 


le Collector Current (pulse)*...... ... 500 mA | 3. Base iEC =: PASS 
*PW < 10 ms, Duty Cycle < 50 % | . 


ELECTRICAL CHARACTERISTICS (Ta = 25 °c) 
SYMBOL __ CHARACTERISTIC a TEST CONDITIONS 


heey DC Current Gain 3200 Vce = 5.0 V, Ic = 100 mA 

hFE2 DC Current Gain : Vee = 5.0 V, Ie = 300 mA 

fT Gain Bandwidth Product Vce = 5.0 V, le =—100mA 

Cob Output Capacitance i Vcp= 10 V, le = 0, f = 1.0 MHz 
IcBO Collector Cutoff Current Vcp= 50 V, le =0 

leEBO Emitter Cutoff Current | Vep=10V,Ic=0 

VBE Base to Emitter Voltage Vce = 5.0 V, lc = 100 mA 

VCE (sat) Collector Saturation Voltage Ic = 100 mA, Ip = 1.0mA 

VBE(sat) Base Saturation Voltage Ic = 100 mA, Ip = 1.0mA 

ton Turn-On Time (is: = 10 V, Veeloff) =~ 2-7 v\ 


tstg Storage Time I¢ = 200 mA 
Ip1 = —lp2=4.0mA 









| toff Turn-Off Time 


Classification of hee, 
PRank | M | Lc | KO. 
800 to1600 | 1200to2400 | 2000t03200 


Test Conditions: Vcge = 5.0 V, lc = 100 mA 








475 


2SC3615 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREAS (TRANSIENT 
AMBIENT TEMPERATURE THERMAL RESISTANCE METHOD) 
12-— — 1.0 










rr J Duty Cycles 1% 
25 10) Se oa ee Bl aE 


Fee Ar 





P;— Total Power Dissipation—W 
I¢—Collector Current—A 


356075 100 125 150 


0 
Ta— Ambient Temperatare —°C i020 50 i020 0 100: 
Vefp—Collector to Emitter Voltage—V 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 


I¢—Collector Current-mA 
Ic Collector Current—mA 
hee—DOC Current Gain 





04 05 O68 oO7 O8 O98 120 





Vcr—Collector to Emitter Voltage—V Vpe—Base to Emitter Voltage—V 
BASE AND COLLECTOR SATURATION GAIN BANDWIDTH PRODUCT vs. 


VOLTAGE vs. COLLECTOR CURRENT EMITTER CURRENT 


Toon 





Cobh — Output Capacitance—pF 






fy—Gain Bandwidth Product -MHz 


VcE(sat)— Collector Saturation Voltage—V 
VBE(sat)~Base Saturation Voltage—V 


ili 1 | os , 
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lc Collector Current—mA 


NE ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
. COLLECTOR TO EMITTER VOLTAGE 
100;> | 





Voce Collector to Emitfer Voltage—V 








DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


10 «20 50 100 200 500 
I¢—Collector Current—mA 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


Veg Collector to Base Voltage—V 


NEC ELECTRON DEVICE 


tsw- Switching Time—ys 





SWITCHING TIME vs. 
COLLECTOR CURRENT 
| | i¢/ig~=50 
; an RAULL Paget to 2.8 V} 
tstg PW 2 us 
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ja a 
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NEC 


ELECTRON DEVICE 









DESCRIPTION The 2SC3616 is designed for general-purpose applications 
requiring High DC Current Gain. 
This is suitable for all kind of driving, instead of Darlington 
Transistor, or muting. 

FEATURES _-— ®@High DC Current Gain. 


hee = 800 to 3200 (@ Vce = 2.0 V, Ic = 300 mA) 
® Low Collector Saturation Voltage. 
VceE(sat) = 0.14 V TYP. (@ Ic/lp = 300 mA/3.0 mA) 
® High Veso : Vego= 15V 
® Large Current : Ic(pc) = 700 mA, Ic (pulse) = 1.0 A 
® High Total Power Dissipation. :P7 = 0.75 W (T, = 25°C) 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature 
Junction Temperature 
Maximum Power Dissipation (T, = 25 °C) 


—55 to +150 °C 
150 °C Maximum 


s e 7 a Lt . = a a = = = t 


: ?. 2 - ff 2. » *. mm @ 2 


Total Power Dissipation .............e808:. 0.75 W 
Maximum Voltages and Currents (T, = 25 °C) " 

Vcspo Collector to Base Voltage....... ee {eg 

Vceo Collector to Emitter Voltage....... 25 V 

Vepo Emitter to Base Voltage.......... 15 V 

Ic Collector Current (DC)........... 700 mA 

Ic Collector Current (pulse)*......... 1.0 A 


*PW < 10 ms, Duty Cycle < 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC 

DC Current Gain 

DC Current Gain 

Gain Bandwidth Product 


Output Capacitance 


hFE1 
hee2** 

fT 

Cob 

ICBO 

lEBO 
Vee** 
VCE(sat)** 
VBE(sat)** 
ton 


Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voltage 
Base Saturation Voltage 
Turn-On Time 

Storage Time 

Turn-Off Time 


tstg 
toff 





**Pulsed PW S$ 350 us, Duty Cycle < 2 % 


Classification of heey 


Tren | _[ 


Test Conditions: Vcg = 2.0 V, lc = 300mA 











, - : | 
| 2000 to 3200 






1200 to 2400 
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NPN SILICON TRANSISTOR 








2SC3616 





| PACKAGE DIMENSIONS 


in millimeters (inches) 
5.2 MAX. —_ | 





1. Emitter EIAJ : SC-43B 
2. Collector JEDEC : TO-92 
3. Base iEC : PASS 





TEST CONDITIONS 
Vee = 2.0 V, lo = 300 mA 
Vce = 2.0 V, lc = 500 mA 
Vee = 5.0 V, lp = —300 mA 
Vcp= 10 V, le = 0, f = 1.0 MHz 
VcB = 25 V, le = 0 
Vep=10V,lc=0 
Vce = 2.0 V, Ic = 50 mA 
lc = 300 mA, Ip = 3.0 mA 
lc = 300 mA, Ip = 3.0 mA 
(ica 10 V, VBE(off) =—2-7 V 
lc = 200 mA 
Ip7 =—!lpo=4.0 mA 


) 


NEC trecraon oevice | | | | 25C3616_ 





TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREAS (TRANSIENT COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE ene HESIS TANCE mETHOPy COLLECTOR TO EMITTER VOLTAGE 
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VCE(sat) Collector Saturation Voltage—V 
VBE(sat) Base Saturation Voltage—V 


3 10 Lit) | 1.0 | | 
7.010 20 30 5070100 200 300 500700 ~10 —20 —50 —100 -—200 -—500-—-1000 ‘ : ‘ 50 
I¢—Collector Current—mA le —Emitter Current—mA Vep—Collector toBase Voltage—V 


479 


2SC3616 NEG ELECTRON DEVICE 





SWITCHING TIME vs. 
COLLECTOR CURRENT 


| | mene les Ig = 50 
- a —s 7 a: a Wee =10 V 


LY BE(off) 
je = 2.5 to 2.8 


PW? os 
—___|—_| Duty Cycle 
; — ah GZ Fs 





















tsw-Switching Time—ys 





"hy nee 
10 20 50 86100 «200 500 1000 
Ic — Collector Current —mA 
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K 


ELECTRON DEVICE 






This is suitable for all kind of driving, instead of Darlington 


DESCRIPTION 
High DC Current Gain. 
Transistor, or muting. 
FEATURES. @ High DC Current Gain. 


hee = 1000 to 3200 (@ Vce = 5.0 V, Ic = 1.0 mA) 


® Low Collector Saturation Voltage. 


NPN SILICON TRANSISTOR 


The 2SC3622 is designed for general-purpose applications requiring 


VCE (sat) =0.07 V TYP. (@ lc = 50 mA, Ip = 5.0 mA) 


« High VEBO : VEBO -1i2ZV 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ............2004, 


Junction Temperature ............06. 


Maximum Power Dissipation (T3 = 25 °C) 


Total Power Dissipation ..........588: ee ee 


Maximum Voltages and Currents (Ta = 


Vcpo Collector to Base Voltage 


VcEO 
VeEBO 


le Coflector Current 220 es ee se ee ee 


lp Base CUMENT. 2.6.06 ees e pee eee eee es 


ELECTRICAL CHARACTERISTICS (Ta = = 25 °C) 





| SYMBOL CHARACTERISTIC MIN. 
hee" DC Current Gain 1000 
| hee" DC Current Gain 200 
| fy Gain Bandwidth Product 
Cob Output Capacitance 
ton Turn-on Time 
ty Storage Time 
toff Turn-off Time 
IcBo Collector Cutoff Current 
lEBO Emitter Cutoff Current 
VeeE* Base to Emitter Voltage 
VCE(sat)” Collector Saturation Voltage 
| VBE(sat)” Base Saturation Voltage 


*Marked iterns are Pulse Test : Pw 350 MS, Duty Cycle<= 2? % 


Classification of heey 





- 1000 to 2000 | 1600 to 3200 | 


Test Conditions: Vee = 5.0 V,lc=1.0mA 


Collector to Emitter Voltage 


.s *¢ & © 8 8 & © © & w@ 


TY¥P, 


1800 


350 
250 
3.0 
0.13 
0.72 
1.22 


560 
0.07 


0.8 


Emitter to Base Voltage ..... Poe ee eee 


MAX, 


3200 


100 
100 


0.30 
1.2 


—55 to +150 °C 
150 °C Maximum 






2SC3622 











PACKAGE DIMENSIONS 


in millimeters (inches) 









. 5.2 MAX. 
(0.204 MAX.) 

| « x= 

| | == 

uy 12 

| ae! 

| | S 
le 
j== 
== 
NS 





| 
| 
1 
| 
| 








ae 
<= 
= 
wp 
250 mW £ 
EMITTER EIAJ :S8C-43B 
2. COLLECTOR JEDEC : TO-32 
60 3. BASE IEC >: PASS 
50 «20 | 
12 V 
150 mA 
10 mA 
UNIT =——S TEST CONDITIONS 
— Veg =5.0V, Ic =1.0mA 
— Vee = 5.0 V, Ie = 100 mA 
MHz Vce=5.0 V, lp =-10 mA 
pF Vcp 7 5.0 V, le = 0, f = 1.0 MHz 
Ls, iYoo> 10 V, VeEloft) = —2.7 V 
us ('c =50mA 
us lp1=—!p2=1.0mA 
nA Vcep =50 V, le =0 
nA Veg =10V,lc=0 
mV Vee = 5.0 V, le =1.0mMmA 
V Ic = 50 mA, lp = 5.0 mA 
Vv Ic = 50 mA, Ip = 5.0mA 
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2SC3622 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
joe TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 


P7—Total Power Dissipation —mW 
l¢—Collector Current —mA 





0 25 50 75 100 125 150 


Paar : 0 10 0—Stié«i 30 40 50 
Ta Ambient Temperature —"C Voe—Collector to Emitter Voltage—V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
100 —EMITTER TO BASE VOLTAGE COLLECTOR CURRENT 


l¢ —Collector Current —mA 





vl = Lot 
03 04 05 O06 O7 O8 O89 
Veg —Emitter to Base Voltage—V 





lc —Collector Current —mA 


GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT 30 COLLECTOR TO BASE VOLTAGE 


00 ae ee eres 
— 


7 
Se 


Cop —Output Capacitance —pF 





f¢-Gain Bandwidth Product —MHz 





| ‘10 ~—3.0S~*~«*SCO 30 100 
I¢ Collector Current — mA Vop—Collecttor to Base Voltage—V 
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NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
ais TO EMITTER VOLTAGE 


Ic ~Collector Current -mA 





0 2 3 4 6 ) 70 
Vce—Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 





Oi meet Ltd i | 
0.1 O23 10 30 10 30 = 100 


VcE(sat) Collector Saturation Voltage —V 
VBE(sat)~ Base Saturation Voltage—V 


Ic —Collector Current—mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT | 


t—Switching Time—ns 





03 3.0 10. #430 &# 42100 
Ic —Collector Current —mA 






NPN SILICON TRANSISTOR 


2SC3623 





iD) 


ELECTRON DEVICE 








DESCRIPTION The 2SC3623 is designed for general-purpose applications requiring 
High DC Current Gain. PACKAGE DIMENSIONS 


This is suitable for all kind of driving, instead of Darlington ae nm reeatere eels 


4,2 MAX. 2.2 MAX. 


Transistor, or muting. | (0.165 MAX.) (0.086 MAX.) 
3 = Cc 
FEATURES @ High DC Current Gain. 


hee = 1000to 3200 (@ Vee = 5.0 V, le = 1.0 mA) 
® Low Collector Saturation Voltage. 
Vee (sat) = 0.07 V TYP. (@ Ic = 50 mA, Ig = 5.0 mA) 


as, 
x & 
<3 
= 
Ww 
Oy OJ 
fr) : 
i=) 


}—0.4 
® High Vepo : Vepo 712 V ll | (0.016) | 
ABSOLUTE MAXIMUM RATINGS (6. O16) nl 
Maximum Temperatures a 
Storage Temperature ............0000. —55 to +150 °C 
Junction Temperature .......... Le 150 °C Maximum 


Maximum Power Dissipation (T = 25 °C) : .27(0.08) 1,27(0.08) 
Total Power Dissipation......... eee ee ee 250 mW z 3 


Maximum Voltages and Currents (Tg = 25°C) ~ 





Vcpo Collector to Base Voltage............. 60 V wee 
Vceo Collector to Emitter Voltage........... 50 ~#2V = fae 
Vepo Emitter to Base Voltage..... ee ee re 12 V 

Ic Collector Current (2... 0002006000808 % 150 mA 

lp BOSC UPS e i Sin be Swe ew ae le eee 10 mA 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS 
hee1* DC Current Gain 4000 1800 3200 - Vee =5.0V, Ic =1.0mA 
heez* DC Current Gain 200 350 - Voce =5.0V,Ilo¢=100mMA 
fT Gain Bandwidth Product 250 MHz Vce =5.0V,Ic¢=—-10mA 
Cob Output Capacitance 3.0 pF Vcp = 5.0 V, le = 0, f = 1.0 MHz 
ton Turn-on Time 0.13 us Vec = 10 V, VBE(off} = —2-7 V 
tf Storage Time 0.72 Ms Nic =50mA 
toff Turn-off Time 1.22 us \lp4 =—Ip9=1.0mA 
IcBo Collector Cutoff Current 100 nA Vcp = 50V, ig =90 

| leBo Emitter Cutoff Current 100 nA Veg =10V,lc=0 

| VeeE* Base to Emitter Voltage 560 mV Vee =5.0V.lc= 1.0mA 
VCE(sat)* Collector Saturation Voltage 0.07 0.30 V lc = 50 mA, lp = 5.0 mA 
VBE(sat)” Base Saturation Voltage 0.8 ‘2 Vv Ic = 50 mA, Ig =5.0mA 


*Marked items are Pulse Test : PW 350 ws 
Duty Cycle = 2% 


Classification of hee, 


Rank L oe 
Range | 1000 to 2000 | 1600 to 3200 


Test Conditions: Vce = 5.0 V,Ic= 1.0mA 
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2SC3623 


TYPICAL CHARACTERISTICS (Ta = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 















sr T TTT 111i ree ar] 
wo SEE 


Py7—Total Power Dissipation -mW 


0 25 50 75 100 125 150 
Tz Ambient Temperature—‘C 


COLLECTOR CURRENT vs. 
EMITTER TO BASE VOLTAGE 





0.1 =e ae 
03 04 O05 0.6 


07 O8 09 
Vep—Emitter to Base Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


200 


100, 


in 
=] 


f>—Gain Bandwidth Product —MHz 
Ph 


10 3.0 id” 30 100 
lc —Collector Current-—mA 
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‘COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 








< 

E 

| 

= 

2 

5 

oO 

5 

2 

i) 

T 

LY 
a = ae i 
0 i020 30 40 50 
Vce—Collector to Emitter Voltage —V 

DC CURRENT GAIN vs. 
COLLECTOR CURRENT 

10000-—= == = 

‘= 3000 ] TH ' 

baa Jeans a = ch : : 

5 1000}3—++ Saline 

5 + iS 

Ss) =I oor 

© 300b— tt — Ht ae eneiil 

Oo es ee | | et 

oa Ht | Hi Bail 

100b—++} op epee tis 
= === A HH ie masse =a 


—- —i— 
i= 


Bs aiiiiimmediiii mati 
ao 100 


0.1 0.3 1006— 3.0 10 30 
I¢ —Collector Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Li 
ec. | | 
| j , | || i | 
a | | | | | 
@ 10 et 
. See ee bp +— + HHH 
= SS 
= +4 t+ -7-4 aaa 
I ie a | ee i 
Lut) } | 
© 3.0 | a Mm r 
i 1] | | 
= | | ttn tii 
iy | | | 
3 ; | | 
© 104 BEE es lll 
| ees ees Sa a a ba Sk NG ee ee Se 
oa | | —— “ ] + Cot sb ae ae — + H 
[a] —= = a 1 So -s CI hh ap ah 
oO cc -— TTT 
te BBeEt! ae Cheops 
a u tt 
1.0 3.0 10 30 100 


Yop —Collecttor to Base Voltage —V 


VCE(sat) Collector Saturation Voltage—V 


NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO walt Me VOLTAGE 
100 





I¢ —Collector Current —mA 


0 2 s 6 $10 
Vor Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
SET Ree Vs. hclendescasL deel CURRENT 


a ee 


——EE——EE—_————eEEE | 


a pe re ee 





O01 03 10 30 10 30 100 


VBE(sat) Base Saturation Voltage—V 


Iq -Collector Current —mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 










T 

o 

£ Tot 

i | t 

mo r 1. 

= | 

t= - T 

2 aun 

= ipj= — Ipo | | rit 

w : ——tri 

ON petty ~ 25 V Rete 

~  — |Vec= 10 V HA —— ANS 
PW = 2 us Hitt eet 
Duty Cycle< 2% [7 rt {tit 

0.035 3.0 1030 100 


Ic —Collector Currant -mA 






NPN SILICON POWER TRANSISTOR 


2SC3691 


NEC 


ELECTRON DEVICE 





DESCRIPTION The 2SC3691 is NPN silicon epitaxial transistor designed for — : 
switching regulator, DC-DC converter and high frequency power | PACKAGE DIMENSIONS 








3.0 MAX. 
) 





snipilflie weclicadion in millimeters (inches) 
| 10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 


(0.118 
- 





FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 
| @ Low Collector Saturation Voltage. 
® High Switching Speed. 
® Complementary to 25A1441. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures. 
Storage Temperature ...........-000- —55 to +150 °C 
Junction Temperature ............. 150 °C Maximum 
Maxirnum Power Dissipation (T, = 25 °C) 
Total Power Dissipation............ see 25 W 


Maximum Voltages and Currents (T, = 25 °C) 
@ Collector 


Vcgo Collector to Base Voltage ......... 100 V @ Emitter 
VcEO Collector to Emitter Voltage....... 60 V 
VEBO Emitter to Base Voltage .......... 70 V 
Ic(oc) Collector Current (DC)........... 5.0 A 
IC(pulse) Collector Current (pulse)*......... 10 A 
lpiDe) Base Current (DC).............. 2.5 A 


* PW < 300 us, Duty Cycle = 10 % 
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2SC3691 NEC ELECTRON DEVICE 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC IN, VP. TEST CONDITIONS 


ton 

Tstg 

tf 

| hee1* 

| heEeQ* 
hres" 

| VCE(set)* 
| VBE(sat)" 


Turn-on Time 
Storage Time 
Fall Time 

DC Current Gain 
DC Current Gain 
DC Current Gain 


‘Collector Saturation Voltage 


Base Saturation Voltage 


Ic = 3.0A, leq = —!pg=0.15A 


R,_ =172,Vcc = 50V 


VoE=2.0V, IC =0.5A 


Vee =2.0V,lc=1.0A 


Vce = 2.0 Vv, Ic =3.0A 
Ic =3.0A, 1p =0.15A 
Ic =3.0A, lp =0.15 A 


Collector to Emitter Sustaining 


= = 8 ; =. H 
Voltage Ic =3.0A, 1p=0'3A,L=1m 


| VCEO(sUS) 
iy | Collector to Emitter Sustaining Ic =3.0A, Ilpz = —1p2=03 A, 
| CEX(SUS) Voltage | L = 180 wH, Clamped 
IcBO Collector Cutoff Current . Vop =60V, Ip =0 
ICER Collector Cutoff Current Vce =60 V, Ree = 502,73, = 125°C 
Vce = 60 V, VgE(OFF) = —1.5 V 
Vce=60V, Vee(oFf)=—1.5V, T,=125 °C 
lEBO Emitter Cutoff Current Vep = 5.0 V, Ic =0 
Output Capacitance pF Vee = 10 V, (e'=0, f = 1.0 MHz 
Gain Bandwidth Product : Voce =10V, IC =0.5A 


ICEX1 Collector Cutoff Current 
ICEX2 Collector Cutoff Current 





* PW < 350 us, Duty Cycle = 2% 


Classification of hres 





Rank M L 


— 


100 to 200 | 150t0300 | 200to 400 | 


Test Conditions: Vege = 2.0 V, lc =1.0A 
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NEC ttectron pevice 2SC3691 





TYPICAL CHARACTERISTICS (T, = 25 °C) 





TOTAL POWER DISSIPATION FORWARD BIAS SAFE DERATING CURVE OF SAFE 
vs. CASE TEMPERATURE OPERATING AREA e OPERATING AREA 
| eee Te=25 °C | 
. <x +H Single Pulse 5 
ae | i 
S : 3 
4 Ss) S 
= Ss 3 
: E 
a 8 £ 
m 
s oO : 
2 a 
2 0 25 50 75 100 125 150 175 1 10 100 7 
T.-—Case Temperature—°C Vee —Collector to Emitter Voltage—V 
c CE ® 
Te Case Temperature— °C 
COLLECTOR CURRENT vs. 
TRANSIENT THERMAL REVERSE BIAS SAFE COLLECTOR TO EMITTER 
RESISTANCE OPERATING AREA VOLTAGE 
1000 se — = 


hh a 





Ic Collector Current—A 
Ic -Collector Current—A 


ol 100 1000 
PW—Pulse Width—s 





0.001 0.01 





0 20 40 60 80 100 
Veg —Collector to Emitter Voltage—V 


oO 
| 
oD 
= 
c 
ca 
_ 
un 
nh 
or 
G 
= 
= 
Ht] 
a 
— 
— 
Cc 
2 
uy 
ce 
a 
= 
= 
= 
ua 
— 
<£ 
a 

x 





Vce—Collector to Emitter Voltage—V 









BASE AND COLLECTOR TURN ON TIME, STORAGE AND 
DC CURRENT GAIN vs. SATURATION VOLTAGE vs. FALL TIME vs, COLLECTOR 
COLLECTOR CURRENT > a CURRENT CURRENT 
o w EER w : = 1¢=20-1pi = —20-Ip2] 
Z. a8 
2 a0 4 
bi 1 a a 
ac EE x 
Ps =e 3 
gs 5 Se 
33 ee 
mm  O-l beet cope 
wa 5 30= 
3s T Ue 
5 wo ror 
—= be 0.01 OS — ee Fes 
oa Set Sei Seni Se Sasi 
Lo Conn 1 
“|! 
| {| . = 5 00 aii aio 0.01 
0.01 0.1 4 10 100 ~~ 0.01 0.1 100 
I¢—Collector Current—A 22 Ic —Collector pies i¢—Collector Current—A 
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2SC3691 NEC trectron oevice 













GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
N 1000 > eke aa .— wr 1000 =p =. = a “pp yp ea : 
= a  Vce=-10 V =the le <0 
| ti Te =25 °C SS SO Me | 


f;--Gain Bandwidth Product 
Cobh -Output Capacitance— pF 


0 } tit 
0.1 1 10 100 
I¢—Collector Current—A Vop~ Collector to Base Voltage-V 


SWITCHING TIME (to, tseg, ts) TEST CIRCUIT 


VIN IC 
IB1 
| | i. T.U.T = 


PW =50 us 


Vea\e=-5 ¥ 
Duty Cycle=2 % BG 
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NPN SILICON POWER TRANSISTOR 


2SC3692 


NEC 


ELECTRON DEVICE 








DESCRIPTION The 2SC3692 is NPN silicon epitaxial transistor designed for 


switching regulator, DC-DC converter and high frequency power 











PACKAGE DIMENSIONS 


in millimeters (inches) 


amplifier application. 10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 











7+02 


| (0.276) | 


FEATURES ®@ Easy mount by eliminating Insulation Sheet and Bushing. 





® Low Collector Saturation Voltage. 
® High Switching Speed. 
® Complementary to 2SA1442. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature........ cities —55 to +150 °C 
Junction Temperature ............. 150 °C Maximum 


Maximum Power Dissipation (T, = 25 °C) 


Total Power Dissipation................. 30 W 
Maximum Voltages and Currents (T, = 25 °C) ‘ ‘@ Base 
VcBo Collector to Base Voltage......... 100 V 4 erica: 
VcEO Collector to Emitter Voltage....... 60 V 
Vepo. Emitter to Base Voltage.......... 7.0 V 
le(ioc) Collector Current (DC)........... 7.0 A 
Ic(pulse) Collector Current (pulse)“......... 14 A 
Is(oc) Base Current (DC).............. 3.5 A 


*PW = 300 us, Duty Cycle = 10% 
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2SC369 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL 
ton 
'stg 
ty 
hFe1* 
hFE2* 
hFE3* 
VCE(sat)" 
VBE (sat) * 


| VCEO(SUS) 


VceEx(sus) 


ICBO 

ICER 

| Cex 
| Icex2 
'EBO 

Cob 

fT 


CHARACTERISTIC MIN. 
Turn-on Time 7 
Storage Time 
Fall Time 
DC Current Gain 
DC Current Gain 
DC Current Gain 


Collector Saturation Voltage 


Base Saturation Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector to Emitter Sustaining 
Voltage 

Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 
Emitter Cutoff Current 
Output Capacitance 

Gain Bandwidth Product 


NE C ELECTRON DEVICE 








TEST CONDITIONS 


Ic = 4.0 A, lp, =—Ip2=0.2A 
RL = 12.52, Voc =50V 


Vee =2.0V, 1c =0.2A 

VcE=2.0V, IC =1.5A 

VcE=2.0V, Ic =4.0A 

Ir =40A, Ilp=O.2A 

Ic =4.0A4,lp=O0.2A4 

Ic =4.0A, Ip 0% A,L=1mH 

Ic = 4.0 A, lpi =—!p2=0.4A, 

L = 180 wH, Clamped 

Veep =60V, Ip =0 

Voce =60 V, Ree = 502, T, = 125°C 
Vce = 60 V, VgE(OFF) = —1-5V 
Vce=60V, VeeE(OFF)=—1.5V, Ta = 125 °C 
Veg =5.0V, Ic =0 

Vcp = 10 V, Ie = 0, f = 1.0 MHz 
Vee =10V, le = 1.04 





* PW <= 350 us, Duty Cycle = 2% 


Classification of hres 


|_Rank 





100 to 200 






: = 
| 150to300 | 200 to 400 





Test Conditions: Vee = 2.0 V, Ic =1.5A 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE 





= 
c 
2 
i 
a 
Le 
ai, 
‘a 
a 
= 
o 
o 
in 
i) 
_ 
ren 
oO 
0 25 50 75 100 125 150 175 
—Case Temperature—°C 
= _ . 
Oo Ly cia dlacbinld THERM EE RESISTANCE 
1. Siiii: Bailes Satiiesas 7 | 
a cot | iapaeell 
E ct ee 


= 
—- 

— “ith 

Sebi 

oF onl 

aul 


PW— Pulse Width—s 


Rth(j-c)—Transient Thermal Resis 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


==... == =2- 
Pee oP eet ——— 






ce 
51000 


ee — 
i —— pion — 


itis | oe 
ee —t— 
Soe 
it oe eat 


mani os 


100 












hee—DC Current G 





eee ea A 





VCE (sat) ~~ Collector Saturation Voltage—V 


VBE(sat)~ Base Saturation Voltage—V 


Ic—Collector Current—A 


I¢ —Collector Current—A 


=] 
a 
o 


FORWARD BIAS SAFE 
OPERATING AREA 


l ——— = ees! 





mt 


1 
Vce—Collector to Emitter Voltage—V 


REVERSE BIAS SAFE 
OPERATING AREA 





Vee—Collector to Emitter Voltage—V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


=== Se Io= 20-l6 
su gu, se 














So 
ee SE - e-  -B 


Se 
ttttin iat ee stn 
Cat 


eS eee ae ee ee ee es =e 
SS ee — 

i a ee bee] 
i ese oe oo 


FH 















See 4 — —— Se 

4 =a 

-_ oe 
2 i ans 

| HH sai +H HH == aoe 

sail tomes eee 


0.01 100 
alias eens 








ton Turn on Time— ys 
tstg—Storage Time—ys 
t¢—Fall Time—ys 


2SC3692 


DERATING CURVE OF SAFE 
OPERATING AREA 





dT- Percentage of Rated Current—% 





Te —Case Temperature— °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


Ic —Collector Current —A 





Voce —Collector to Emitter Volta ge—V 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR 
CURRENT 





| 2 
I¢ —Collector Current—A 
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2SC3692 NEG ttectron oevice 













GAIN BANDWIDTH PRODUCT vs. — OUTPUT CAPACITANCE vs. 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
1000 -— rr ie =0 





Tritt f=1.0 MHz 







Ss: aes oo 
a 






—Gain Bandwidth Product—MHz 
Cob —Output Capacitance —pF 


le—- ee eine. A Vop —Collector to Base Voltage —V 





fT 


0.01 


SWITCHING TIME (ton, tstg, tr) TEST CIRCUIT 


Rp =125 0 





pe aS i 


PW=50 ws 
Duty Cycles2 % 





492 





NEC 


ELECTRON DEVICE 





NPN SILICON POWER TRANSISTOR 


2SC3693 











DESCRIPTION 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 


i 


The 25C3693 is NPN silicon epitaxial transistor designed for 
switching regulator, DC-DC converter and high frequency power PACKAGE DIMENSIONS 


in millimeters (inches) 


10.5 MAX. 
(0.413 MAX.) 


as - 


amplifier application. 
4.7 MAX. 


(0.185) 








@ Easy mount by eliminating Insulation Sheet and Bushing. 

® Low Collector Saturation Voltage. 

® High Switching Speed. 
® Complementary to 2SA1443. 


17+O2 
(0.669) 


ee 


Maximum Temperatures 
Storage Temperature .......... 1.2... —55 to +150 °C 
Junction Temperature ............. 150°C Maximum 
Maximum Power Dissipation (Tg = 25 “C) 
Total Power Dissipation................. 30 W ee aL 


Maxirnum Voltages and Currents (Tg = 25°C) =~ 





VcBo Collector to Base Voltage ......... 100 V | hake . Saal 

VcEO Collector to Emitter Voltage....... 60 V | | 
VERO Emitter to Base Voltage .......... 7.0 V 

lc(ioc) ._- Collector Current (DC)........... 10 A | 
Ic(puise) Collector Current (pulse)*......... 20 A 

Igipc) Base Current (DC).............. 5.0 A 


* PW <= 300 us, Duty Cycle = 10% 
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2SC3693 


ELECTRICAL CHARACTERISTICS (T, = 25 “C) 


SYMBOL 


hFe1* 
hFE2* 
hFE3* 
| VCE(sat)” 
| VBE (sat)” 


| VcEOISUS) 


| VCEx(sus) 


ICBO 

| 'CER 
ICEX1 
ICEX2 
lEBO 
Cob 

sy 





CHARACTERISTIC 
Turn-on Time 
Storage Time 
Fall Time 
DC Current Gain 
DC Current Gain 
DC Current Gain 


€ollector Saturation Voltage 


Base Saturation Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector to Emitter Sustaining 
Voltage 


Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 
Emitter Cutoff Current 
Output Capacitance 
Gain Bandwidth Product 


* PW = 350 ws, Duty Cycle < 2% 


Classification of hreg 


Trek [Mt | « 


Test Conditions: Vog = 2.0 V, IG =2.0A 
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MIN. 


100 
100 
100 


60 


60 


TYP. 


150 


MAX. 
0.3 


1.5 
0.3 


400 


0.3 
1.2 


10 
1.0 
10 
1.0 
10 


UNIT 


us 


us 


= 6s < | 


<= 


uA 
mA 
LA 
mA 
uA 
pF 





NE’ 





Ry = 8.3 2, Vec =50V 


€ =6.0A,1p1=—Ip2=O0.3A 


VcE=2.0V, IC =10A 
Vee =2.0V,ic=2.0A4 
VceE = 2.0V, Ic =6.04 
Ic =6.0A,1p=03A 
Ic =6.0A,1p=03A 


Ic =6.0A,1p=06A,L=1mH 


lc =6.0 A, lpi = —Ilpo=0.64A, 
L = 180 wH, Clamped 

Vcp =60V, le =0 

Vee =60 V, Reg = 50 2, Ts = 


Vce = 60 V, VBE(OFF) = —1.5V 
Vce=60V, Vee(OFF)=—1-5V,7T,=125 °C 


Veg =5.0V,Ic=0 


Veep = 10V, le =0, f = 1.0 MHz 


VcE=10V, Ic =1.0A 


TEST CONDITIONS 


ELECTRON DEVICE 


















125°C 












NEC ELECTRON DEVICE 


2SC3693 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 





30 
= 
§ 25 
—_ 
Li 
Oo 
‘“# 20 
Be 
o 
o 15 
= 
3 
a 
10 
& 
re) 
= 5 
_ 
a 
0 25 50 75 100 125 150 175 
Te—Case Temperature— °C 
s i tlk deel ll bcc RESISTANCE 


VcE~ 10 V 


Stiimases i. 
So Single Pulse 


Troon sei 
i mi 


a 
— bt 


aati mai 


100. 
ist: rth ee 
sect: aeessts. Sate 
meaasiil i 


a mea 
Hii AHA 


—— ees) eee ew we 


10 mae 


—Transient Thermal Resistance 


PW—Pulse Width—s 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


a ee VCe=20 V 
sii iaaiiiiommaii Pulsed 











nih hint hete d 


=a 
LTT 


hepe—DC Current Gain 


01 1 10 
Ic Collector Current—A 





FORWARD BIAS SAFE 
OPERATING AREA 


DERATING CURVE OF SAFE 
OPERATING AREA 













a) 
100 eee _ se 
° ae Se Te =25 0 | 
Sait single pulse - 
— — ® 
. IC(pulse) MAX. al ins oh, 5 
“ rs 
5 10 3 
a a 
x oS 
2 ® 
° A c 
Oo Nt 3 
| AL 5 
oO W a. 
‘ 
0.1 ) Bs 
wo 


I 10 
VcE—Collector to Emitter Voltage—V 





T.-—Case Temperature— °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


REVERSE BIAS SAFE 
OPERATING AREA 


I¢ —Collector Current—A 
Ic —Collector Current—A 





0 - ah oo -e 3 
Vce—Collector to Emitter Voltage—V 


20 ~ 40 60 
Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
3 COLLECTOR CURRENT 


TURN ON TIME, STORAGE AND 
FALL TIME vs. COLLECTOR 
10 CURRENT 


ton—Turn on Time~ys 
tstg— Storage Time—ys 
ty—Fall Time—ys 





2 5 10 20 


05 1 
I¢--Collector Current—A 


10 
I¢ —Collector Current—A 


0.01 0.1 a 


VCE(sat)~Collector Saturation Voltage—V 
VBE (sat)--Base Saturation Voltage—V 
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GAIN BANDWIDTH PRODUCT vs. 
P cthatachala Dc CURRENT 


| eel 
oS 
So 


ff—Gain Bandwidth Product —MHz 





0.01 ii 1 
lo— Collector Current—A 


OUTPUT CAPACITANCE vs. 
pelnamvaenindlbed TO BASE VOLTAGE 





= 
o 
o 
oO 


—Output Capacitance —pF 


Cob 


Vep— Collector to Base Voltage—V 


SWITCHING TIME (ton, tseg, tp) TEST CIRCUIT 
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VIN 


Sew 


PW=+50 ws 
Duty Cycles? % 





ton tstg tf 





NEC ttectron vevice 









NPN SILICON POWER TRANSISTOR 


2S5C3694 


NEC 


ELECTRON DEVICE 









DESCRIPTION The 2SC3694 is NPN silicon epitaxial transistor designed for 
switching regulator, DC-DC converter and high frequency power 






PACKAGE DIMENSIONS 


in millimeters (inches) 






amplifier application. 






10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 








FEATURES ®@ Easy mount by eliminating Insulation Sheet and Bushing. 
® Low Collector Saturation Voltage. 
® High Switching Speed. 
®@ Complementary to 25A1444. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature....... ee ee ee —55 to +150 °C 


Junction Temperature ............. 150 °C Maximum 250% 






Maximum Power Dissipation (T¢ = 25 °C) 
Total Power Dissipation. .............:, .. 30 W 
Maximum Voltages and Currents (Ta = 25 °C) 





Vcso Collector to Base Voltage......... 100 V @ Collector 
| @ Emitter 
VcEO Collector to Emitter Voltage....... 60 £V 

VeRO Emitter to Base Voltage.......... 70 V 

lcipc) Collector Current (DC)....... case = 15-4 

ICipulse) Collector Current (pulse)”......... 30 A 

Ipipc) Base Current (DC). ..........0.. 75 A 


* PW = 300 us, Duty Cycle < 10 % 





497 


2SC3694 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





ton Turn-on Time 0.3 
tstg Storage Time 1.5 
tf Fall Time 0.3 
hee1* DC Current Gain 7 100 

hree2* DC Current Gain 100 400 
hee3* DC Current Gain 60 

VCE (sat)” Coitector Saturation Voltage 0.3 
VBE(sat)* Base Saturation Voltage | 1.2 


Collector to Emitter Sustaining 


VCEOISUS) Voltage 60 
. Collector to Emitter Sustaining 
VCEX(SUS) Voltage 60 


| IcBo Collector Cutoff Current 10 






ICER Collector Cutoff Current 1.e 
ICcEXx1 Collector Cutoff Current 10 
ICcEX? Collector Cutoff Current 1.0 
lEBo Emitter Cutoff Current 10 
Cob Output Capacitance 180 
fr Gain Bandwidth Product 120 






* PW < 350 us, Duty Cycle < 2% 


Classification of hee 


Tank [ow [td ~*d 
Range 100 to 200 150 to 300 200 to 400 


Test Conditions: Vcg=2.0 V,Ic=3.0A 
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SYMBOL CHARACTERISTIC MIN. rere: MAX. 





UNIT 


us 
us 
us 


uA 
mA 
uA 
mA 
uA 
pF 
MHz 


NEC ELECTRON DEVICE 





TEST CONDITIONS 





lc = 8.0A, 1p, =—Ipo=04A 
RL =6.3 92, Vec =50V 





Vee =2.0V, IC =1.5A 
Vee =2.0V, 1c =3.0A 
VceE=2.0V, IC =8.0A 
Ic =B8.0A, Ip=O04aA 
Ic =8.0A4, Ip=04A 








Ic =8.0A,Ig=08A,L=1mH 






Ic = 8.0 A, lp, =—Ipo=0.8 A, 

L = 180 wH, Clamped 

Veep =60V,le=0 

Voce =60 V, Ree = 502, Tg = 125°C 















Voce = 60 V, Vee(OFF) = —1-5V 

Voce =60V, Vee(OFF)=—1-5V, T3=125 °C 
Ven =5.0V,Ilc=0 

Vop = 10V, lp =0, f = 1.0 MHz 
Vce=10V,Ic=H15A 











NEC trectron vevice 2SC3694 





TYPICAL CHARACTERISTICS (T, = 25 °C) 





TOTAL POWER DISSIPATION FORWARD BIAS SAFE DERATING CURVE OF SAFE 
vs. CASE TEMPERATURE ire eeu uate ¢ OPERATING AREA 
= emaity ues Low 
- = 5 
= | 5 
a < o 
3 : 3 
a a Ae eS 
$ S XN SA 3 
a 2 | L ; Ht a0 
‘oO th =" = 
3S QO Fee AAA = 
c | Ni : 
2 \ & 
a | : . ree! eee Se 
0 6©25~=—550.~=C75Ssd100«d125=«d‘SO)s«sd1 75 Ln) 50 100 150 
‘ Vce—Collector to Emitter Voltage—V : 
Te—Case Temperature — °C CE g T. Case Temperature °C 
COLLECTOR CURRENT vs. 
= REVERSE BIAS SAFE COLLECTOR TO EMITTER 
¢ TRANSIENT THERMAL RESISTANCE OPERATING AREA VOLTAGE 


oo ——— r= naa 


i tn 


= 
TH ea ae mE EE a a  - - 
ght =. Reba 
Seer 












2 I 000} 












I¢ —Collector Current—A 


— at i SSS5-3:'se52252; ====27: ——~- 
ae nie Zi” eae" . ae 
mama meetin a 1h 
mae Vz Me 20 
| 

eI ae nT 
— 1 tte + +4 a = 
a iT = ea: a eer: “ 

ao eis [| ra 
Eee bended etal! a" awetl =e a 
l | , mi HH ot 


Ic —Collector Current—A 










lF ——-— re Oe ee 
ab Sais iti wiziii Seis J 45 = | es - —! o= == 
~ 7 asi one ili 0 , 40 60 
oe lia inde VcE—Collector to Emitter Voltage—V Voe—Collector to Emitter Voltage—V 
L 0.001 0.01 0. 10 000 
ce 
PW—Pulse Width—s 
BASE AND COLLECTOR TURN ON TIME, STORAGE ANG 
Dc CURRENT GAIN vs. arf SATURATION VOLTAGE vs. FALL TIME vs. COLLECTOR 
COLLECTOR CURRENT > 2 COLLECTOR CURRENT CURRENT 
| 3 = 
oo Oo 
o> 
ae o & 
1000 ss ae 
= = bt) 
ot = E w 
oO a) =—- = 
< are 2 @ 
S ae SME 
> = = " = 
a Oo l L 
oo ce 2 | 
| | J at 
rs — 2 
: 
~ smal “22 | o.o1LLLiiil aE: | al 
001 O11 I 10 ion wt WW Ta | 05 1 2 5 10 2030 
> > 





Ic —Collector Current—A I¢—Collector Current—A 


Ic —Collector Current—A 
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2SC3694 NEC ttectron oevice 





GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 


COLLECTOR CURRENT VOLTAGE 





Cob —Output Capacitance —pF 





ft—Gain Bandwidth Product —MHz 


Vcp—Collector to Base Voltage—V 





Ic —Collector Current—A 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


RL =6.3 Q 


VIN 


‘| 


| Vec=50 V 
|Pwh 


PW=50 ws 
Duty Cycles2 % 





VeaBp=-5 V 





500 





fo 


ELECTRON DEVICE 





NPN SILICON TRANSISTOR 


DESCRIPTION 


FEATURES 


SYMBOL | 


ton 

tstg 

loff 

fT 

Cob 
NFE1* 
hFE2" 
VCE (sat) * 
VBE (sat) * 
ICBO 
LEBO 





—s 





The 2SC3731 is designed for general purpose amplifier and high 


speed switching applications. 


@ High Frequency Current Gain. 
@ High Speed Switching. 

@ Small Output Capacitance. 

® 


Complementary to the NEC 2SA1458 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature............. —55to+150 °C 

Junction Temperature ..... chao nese 150 °C Maximum 
Maximum Power Dissipation (Tz = 25 “C) 

Total Power Dissipation. .........000. 250 mW 
Maximum Voltages and Current (T3 = 25 °C) 

Vespa Collector to Base Voltage ....... 60 

Vcea Collector to Emitter Voltage..... 40 

Vespa Emitter to Base Voltage..... cy BD 

le Collector Current .......... >, 200 mA 


ELECTRICAL CHARACTERISTICS (Ta, = 25 °C) 


CHARACTERISTIC 
Turn-on Time a 
storage Time 
Turn-off Time 
Gain Bandwidth Product 
Output Capacitance 
DC Current Gain 
DC Current Gain 
Collector Saturation Voltage 
Base Saturation Voltage 
Collector Cutoff Current 


Emitter Cutoff Current 





* Pulsed PW < 350 us, Duty Cycle = 2% 


TP of _ 


| Rank 
75 to 150 100 to 200 150 to 300 









Test Conditions : Vcg = 1.0 V, Ic =10mA 





2SC3/31 








SS a 


PACKAGE DIMENSIONS 


in millimeters (inches) 








4? MAX. 2 9 MAX, 
(0. 165 MAX.) (0,086 MAX.) 

ee: 

28 

<5 

wa 

aot | 
= 
Z 
= 
rj 
Ss 
= | 


12.5 MIN. 


1.27(0,05) 1.27(0.05) 





1. EMITTER 
2. COLLECTOR 
3. BASE 





TEST CONDITIONS 
see Test Circuit. — 
see Test Circuit. 

See Test Circuit. 

Vce = 20 V, Ie = —10 mA, f = 100 MHz 
Vop = 5.0 V, lp = 0, f= 1 MHz 

Vee =1.0V,le=10mA 

Voce = 1.0 V, Ic = 100 mA 

Ic = 50 mA, lp =5.0mA 

lc = 50 mA, 1p =5.0mA 

Veep =30 V, lp =0 

VeB=3.0V, Ic =0 
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2$C3731 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
Pahl ET TEMPERATURE 





Py—Total Power Dissipation —-mW 


100 ~=~=6150 200 


Tz —Ambient Temperature—“C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 






























100 Sg 
Yce=10 FV ——— 
< ED eames eee TET | coe 
F = f | 
0S = 
5 2p 
3 
c=) _—— 
=) ie PET CL Gamecal Bm ee eee 
0. eel a i a EP 
0 04 06 08 10 12 


es to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 





le—Emitter Current—mA 


S02 


NEC ttectron vevice 





COLLECTOR CURRENT vs. 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


COLLECTOR TO EMITTER VOLTAGE 


Ic Collector Current—mA 
lc Collector Current—mA 





04 08 12 16 20 
Vee—Collector to Emitter Voltage—V 


40 50 
Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 


DC CURRENT GAIN vs. 
VOLTAGE vs. COLLECTOR CURRENT 


Jee REEe Ie: CU RRENT 


hee— DC Current Gain 





10. 30 


~ 120 
I¢— Collector Current—mA 


| 
30 100 03 3.0 


10 
Ic Collector Current—mA 


03 #10 3. 


VcE(sat)~ Collector Saturation Voltage—V 
VBE(sat)~ Base Saturation Voltage—V 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
30 SERAar? 


TURN ON TIME vs. 
Bev hoheseaese taal CURRENT 













= 
: - 
| 1000 
S 800 2 o 
3 600;—— c & 10h 
2 ca) 
£ Oo | 
— a | 
200 5 a 3.0 
Z ie 
o 100 —~ Ss | 
o 380 I Ss 2 | 
= SO re 6 £10 Sassi Sassi: soon i 
§ fa ose See eset: r 
| o = - 
oO o 011 a || lll 
= os 7 Seetiil eeesiil meet 10 | i 
~10 —30 —100 ari 03 10 30 10 30 100 20 40608010 2 40 6080100 200 





Vcp— Collector to Base Voltage—V I¢ Collector Current—mA 


Veg Emitter to Base Voltage—V 


NEC ELECTRON DEVICE | 


RISE TIME vs. 
COLLECTOR CURRENT 


800P—f ett ‘Vec=30 V 
io boca 











ah.--- i 
40 6080100 200 


oo eee 
20 40 608010 2 
I¢—Collector Current—mA 


SWITCHING TIME TEST CIRCUIT 


Vap=—0.5 V 


tp<1.0 ns 
PW=300 ns 
Duty Cycle=2 % 


10 
2.0 





ton SWITCHING 


Vap=t+11V 


t-<9.0 ns 
PW=s300 ns 
Duty Cycle=2 % 


STORAGE TIME vs. 
COLLECTION CURRENT 





40608010 20 40 60 80100 
I¢~— Collector Current —mA 
Vec=+3.0 V 


INPUT 


VOUT 


Vec=+3.0 V 





toff SWITCHING 


INPUT 


1000-—— a ee 


t¢-—Fall Time—ns 


2SC3731 





FALL TIME vs. 
COLLECTOR CURRENT 
800 oe ning 









ainsial 

i TT 

20 40 608010 40 60 80100 
eres Current—mA 





ton=td* tr 





toff=tstgttr 
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ELECTRON DEVICE 








DESCRIPTION The 2SC3732 is designed for general purpose amplifier and high 


speed switching applications. 


FEATURES ® High Frequency Current Gain. 
@ High Speed Switching. 
_- . © Small Output Capacitance. 


— 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ............. —55 to +150 °C 

Junction Temperature ........ ... 150°C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 

Total Power Dissipation .............. 250 mW 
Maximum Voltages and Currents (Ta = 25 °C) 

Vepo Collector to Base Voltage........ 40. V 

Vces Collector to Emitter Voltage...... 40 V 

Vceo Collector to Emitter Voltage...... 15 V 

Vepo Emitter to Base Voltage......... 5.0 V 

lc Collector Current ..........05:5 “200 mA 

lc Collector Current (10 ws pulse) .... 500 mA 


ELECTRICAL CHARACTERISTICS (Tz = 25 °C) 


SYMBOL CHARACTERISTIC 





Turn-on Time 


Turn-off Time 


Storage Time 
Gain Bandwith Product 
Output Capacitance 
hree* DC Current Gain 
VCE(sat)* Collector Saturation Voltage 
VBE(sat)* Base Saturation Voltage 
IcBo Collector Cutoff Current 
lEBo Emitter Cutoff Current 


* Pulsed PW = 350 us, Duty Cycle = 2% 


Classification of hee 


co ee cs 
| 60to120 | 100to 200 | 












Range 





Test Conditions : Vce = 1.0 V, lc =10mA 
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NPN SILICON TRANSISTOR 


2S$C3732 


PACKAGE DIMENSIONS 


in millimeters (inches) 










4.2 MAX. 2.2 MAX. 
(0.165 MAX.) (0.086 MAX.) 









3.2 MAX. 


(0.125 MAX.) 





1. EMITTER 
2. COLLECTOR 
3. BASE 







TEST CONDITIONS 


Veg =3.0 V, Ig = 10 mA, Ipq = 3.0 mA, 


Vee =-1.5V 


Voc = 3.0 V, lc = 10 mA, Igy = 3.0 mA, 
lpg =—1.5mA 


Ic = 10 mA, lpi =—Ip2=10mA 

Voce = 10 V, le = —10 mA, f = 100 MHz 
Vcp = 5.0 V, Ie = 0, f= 1 MHz 
VoE=1.0V, Ic =10mA 

Ic = 10 mA, Ip = 1.0 mA 

Ic = 10 mA, Ip =1.0mA 

Veg =20V, le =0 

Veg =3.0V,lc=0 





NEC tcectron evict | 2SC3732 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 








AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
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Ta—Ambient Temperature—‘C VCE —Collector to Emitter Voltage — V VCE — Collector to Emitter Voltage — V 
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COLLECTOR CURRENT VOLTAGE vs. COLLECTOR. CURRENT vs. REVERSE VOLTAGE 
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I¢ — Collector Current —mA lc—Collector Current—mA VcB — Collector to Base Voltage —V 


Veg — Emitter to Base Voltage — V 


GAIN BANDWIDTH PRODUCT SWITCHING TIME vs. 
vs. EMITTER CURRENT COLLECTOR CURRENT 


— Voc=10V_ 
| Ic=10- lp 
oes 


i Voe= 10 J 
rH iit aes a 
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ff — Gain Bandwidth Product — MHz 


le — Emitter Current — mA 


S05. 


2$C3732 NEC sucraon vevice 





SWITCHING TIME TEST CIRCUIT 





PW=300 ns 2200 Ol uF 
Duty Cycle=2 % Vin 
S 


To oscilloscope 








Vep=—3V Vep=+12V 
Vin= +15 ¥ eae 
ton- to¢¢ SWITCHING 
PW=300ns = 
Duty Cycla=2 % Vout 
To oscilloscope 
0- 
Teh 
~10 vi 
10% 
tstg SWITCHING mi 


tstg 


Voltage waveforms 
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DESCRIPTION The 2SC3733 is designed for power amplifier and high 
speed switching applications. 

FEATURES ® High speed, high voltage switching. 
® Low Collector Saturation Voltage. 


a ® Complementary to the NEC 2SA1460 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature .......... —55 to +150 °C 

Junction Temperature ........ 150 °C Maximum 
Maximum Power Dissipation (T4 = 25 °C) 

Total Power Dissipation .......... 1.0 WwW 
Maximum Voltages and Currents (Ta = 25 C) 

Vcso Collector to Base Voltage... 80 V 

VcEO Collector to Emitter Voltage. 45 V 

VEBO Emitter to Base Voltage.... 5.0 V 

lcioc) Collector Current(DC) .... 10 #A 

IC(pulse) Collector Current (pulse)” ..~2.0 A 


* PW =10 ms, Duty Cycle= 50% 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


CHARACTERISTIC 
Turn-on Tima Be 
Turn-off Time 
Storage Time 
Gain Bandwidth Product 
Output Capacitance 
hee.* DC Current Gain 
heeQ** DC Current Gain 


VCE (sat)** Collector Saturation Voltage 


VBE(sat)** Base Saturation Voltage 


Ices Collector Cutoff Current 
lEBo Emitter Cutoff Current 


** Pulsed: PW = 350 us, Duty Cycle =? % 


Classification of heed 






L K 


a 


100 to 200 





Test Conditions: Vcge = 10 V, Iq = 50 mA 





60 to 120 








/ NPN SILICON TRANSISTOR 


2SC3733 


PACKAGE DIMENSIONS 


in millimeters (inches) 


? OMAX 
{0 275MAX } 
-_ _ 


= 





9 OMAX 
| (0 354MAX ) | 


— 


1 c.f | 
0) a" Oi 


(0.031) a= 


(0 _473MiN } 


(0.067) | (0.067) 


P23) 
He-6 


1. Emitter 
2. Collector 
3. Base 


TEST CONDITIONS 


Veco =10V 

lc = 500 mA 

lpi =—lp2+50 mA 

Vee = 10 V, Ile = —100 mA 
Vcp = 10 V, le = 0, f= 1 MHz 
Vce = 10 V, Ic = 50 mA 
Vee = 10 V, Ile = 500 mA 
Ic = 500 mA, Ip = 50 mA 
Ic = 500 mA, Ip = 50 mA 
Vce = 45 V, Reg = 0 

Veg =40V,lc=0 
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2$C3733 


TYPICAL CHARACTERISTICS (Tg = 25 C) 


VCE(sat) — Collector Saturation Voltage—Y 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


= 
ho 





Py7—Total Power Dissipation —W 


100 — 150 


75 


50 125 


T,~ Ambient Temperature —"C 


COLLECTOR CURRENT vs. 


l¢—Collector Current —A 





3° 4 5 


0 l 2 
Voce —Collecto to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 










VOLTAGE vs. COLLECTOR CURRENT 
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VBE(sat) ~ Base Saturation Voltage—V 


50m 200m 1 2 «5 
20 m 100 m 500 m 
lc —Collector Current— & 


908 


lc —Collector Current—A 


hrFe —DC Current Gain 


f? —Gain Bandwidth Product — MHz 


SAFE OPERATING AREA 
(TRANSIENT THERMAL 
RESISTANCE METHOD) 


oe t—— 


1 Lit | - 
IC(pulseyMAX. 










1 2 5 50 100 
Vcr —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
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lc —Collector Current —A 


GAIN BANDWIDTH PRODUCT vs. 
1000 Fe 
500-45 
200} 
100 == 
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—-10m -50m-—-200m —-1 -2 —-5 


-20m -100m 
le —Emitter Current — & 


200 m 


NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 
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VcE—Collector to Emitter Voltage—V 
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Cob — Output Capacitance — pF 





VBE — Base to Emitter Voltage—mvV 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 


50 
Vcp—Collector to Base Voltage—V 


1 2 5 10 20 


NV. ELECTRON DEVICE 


SWITCHING TIME vs. COLLECTOR 
CURRENT 


aa Ht 4 p= —Ip2 
sori +++ PW=200 ns 
|DutyCycles2 % 


| ; Vy; 
100 Frey Ne — oo 
— . fab are =* ead ” Sd . 4 
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tew — Switching Time—ns 






10m 50m 200m 1 2 «5 
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l¢—Collector Current—A 


SWITCHING TIME TEST CIRCUIT 
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100 ns 
Duty Cycle>2 % 
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2$C3733 











S09 





E 





ELECTRON DEVICE 





DESCRIPTION 
ultrasonic appNance applications. 


FEATURES @ High speed switching 


“*_ - @ High Voltage 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature............ —55to+150°C 
Junction Temperature .......... 
Maximum Power Dissipation (T¢ = 25 °C) 
Total Power Dissipation .......... | 
Maximum Voltages and Currents (Ta = 25 °C) 
VcBo Collector to Base Voltage... . 
VcEO Collector to Emitter Voltage. . 


VEBO Emitter to Base Voltage 
lc(oc) Collector Current (DC) 


Ic(putse) Collector Current (Pulse)* . . . 


*PW = 300 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL CHARACTERISTIC MIN. 


Tu rn-On Time BS 
tstg Storage Time 

tf Fall Time 

hee.” DC Current Gain 

hFeE2”~ DC Current Gain 

VCE(sat)"* Collector Saturation Voltage 
VBElsat)** Base Saturation Voltage 

IcBo ‘Collector Cutoff Current 

leBo Emitter Cutoff Current 


**Pulsed:PW < 350 us, Duty Cycle < 2 % 


Classification of heey 


é 
30 to 60 40 to 80 60 to 120 | 


Test Conditions: Veg = 5.0 V, Ic =0.1A 















510 


15 
600 
7.0 


1.0 
2.0 


The 2SC3840 is designed for use in highspeed and high voltage. 
It is suitable for switching regulators, DC-DC converters and 


150 °C Maximum 


Ww 


Preece 


NPN SILICON POWER TRANSISTOR 


2SC3840 





PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 


"e3.2*02(6 0.126) 


es 


> 
z|\< 
=\= 
| 
o/% 
4/0 


| 0.82898 | 


(0.031) 
| 


2.3\2.3 
(0.090)| (0.090) 


. Emitter 


2. Collector connected ta 
mounting plane. 
. Base 








TEST CONDITIONS 


lc =O0.5A, lpi =—Ip2 =0.1A 
Rz~_ = 500 2, Vcc = 250 V 


VceE=5.0V,Ic=0.1A 
VceE=5.0V,Ic=0.5A 
Ic =0.4A,lp=0.08 A 
Ic =0.4A, 1g =0.08A 
Veep =600V,le=0 


Vep=7.0V,Ic=0 





NE Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


20 


15 


10 


PT —Total Power Dissipation—w 





Ta— Ambient Temperature— ‘°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


Ic —Collector Current— mA 





0 2 864 6 8 10 
VceE —Collector to Emitter Voltage - V 


BASE AND COLLECTOR 
SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


+ ee a 
“t Norte a 


-Collector Saturation Voltage — V 
- Base Saturation Voltage—V 





VCE(sat) 
VBE(sat) 


oa TT TT TT | 
0.005 0.01 002 005 O01 02 0.5 
I¢ —Collector Current—A 


FORWARD BIAS SAFE 
OPERATING AREA 


I¢ —Collector Current 





VoB- —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


A 


Ic —Collector Current 





Var —Base to Emitter Vaiss -V 


TURN OFF TIME vs. 
COLLECTOR CURRENT 


aa eae! t a ic/lp=5 ¥ 


LiVce=250V 
és _—!B2 
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Ss 
Sie 
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0.03. tl os 10 3.0 
Ic — Collector Current - A 


I¢-Collector Current —A 


hep —OC Current Gain 


MHz 


f7 —Gain Bandwidth Product - 


VCE 


25C3840 


REVERSE BIAS SA 


FE 


OPERATING AREA — 


. VCEO(SUS) 


200 #400 £600 





800 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 








Collector to Emitter Voltage— V 


5'0020.0050-010.02 0.05 0. 102 0.5 10 2.0 
I¢— Collector Current— A 


20 


GAIN BANDWIDTH PRODUCT vs. 


0 


COLLECTOR CURRENT 


a e m+ 
TT 1 it = 





002 rae 0.01 0.02 0.05 Sar 0.2 


c —Collector Current 


A 
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2$C3840 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vcp—Collector to Base Voltage—V 


912 


Rth~— Transient Thermal Resistance — 


‘C.W 


TRANSIENT THERMAL 
RESISTANCE 


ron +—++414 : 
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| er 
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Free 
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Infinite Heatsink _) 


PW —Pulse Width—s 


NEC ELECTRON DEVICE 










NPN SILICON TRANSISTOR 


2SC3999 


NEC 


ELECTRON DEVICE 








DESCRIPTION The 2SC3999 is designed for uses of high-resolution monitor TV 
applications. This makes it possible to raise the video band of PACKAGE DIMENSIONS 
high-resolution monitor TVs to 50. MHz. | in millimeters 


FEATURES ® High fy : f¢ = 300 MHz TYP. (@Vce =30 V, Ile = —30 mA) 
® Low Cop : Cop = 2.8 pF (@Veg = 30 V) 

® High Voltage< Vepo = 300 V, Vceo = 250 V 

® High Total Power Dissipation : Py = 0.75.W 

® Complementary to 25A1544 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





otorage Temperature... ......0200 8s —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Tg = 25 ao | 
Total Power Dissipation ..............04. 750 mW 
Maximum Voltages and Current (T3 = 25 °C) 
Vepo Collector to Base Voltage 300 V 
Vceo Collector to Emitter Voltage . 250 V enter WS eee 
Vergo Emitter to Base Voltage 5.0 V - Collector JEDEC : TO-92 
. Base \EC : PA33 
lc Collector Current 100 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL - CHAR ACTER ISTIC MIN. . ; TEST CONDITIONS 
hee DC Current Gain | 200 | VcE= 10 V, Ic = 10 mA* 

fr Gain Bandwidth Product | Hz Vee =30 V, le =—-30mA 

| Cob Output Capacitance s : Vcp = 30 V, ic = 0, f = 1 MHz 

IcBoO Collector Cutoff Current Veg = 200 V, le =O 

leno Emitter Cutoff Current Ves =3.0V, le =0 

VCE(sat) Collector Saturation Voltage 0. , le = 10 mA, Ip = 1.0 mA* 
VBE(sat) Base Saturation Voltage 2 Ic = 10 mA, Ig = 1.0 mA* 





| VESDR Electrostatic Discharge-Resistant | ee | C = 1000 pF, E-B Reverse Bias 


* Pulsed PW = 350 us, Duty Cycle < 2% 


Classification of hee 





Test Conditions: Vcg = 10V, Ic =10mA 





2SC3999 


TYPICAL CHARACTERISTICS (T, = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P7—Total Power Dissipation —W 





Oo 86.25 50 75 100 125 150 


Ta—Ambient Temperature -*C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


I¢ Collector Current —mA 





Vee Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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f7—Gain Bandwidth Product —MHz 
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- 04 06 O8 1.0 1.2 


100 


FORWARD BIAS SAFE 
OPERATING AREA 


I¢—Collector Current —A 





100 200 
Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT . 


hee —-DC Current Gain 


I¢—Collector Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vep—Collector to Base Voltage—V 





co Collector Current—mA 


VcE(sat), VBE(sat) ~ Collector and Base Saturation Voltage — V 
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ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


as a 
L | ipaso xl | 


0 4 812. 16 20 
Voge —Collector to Emitter Voltage—V 





COLLECTOR AND BASE 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


1.0 | === 
pe (cath ty 
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I¢--Collector Current—mA 
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ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


2S5C4000 








DESCRIPTION The 2SC4000 is designed for uses of high-resolution monitor - 
my anciieationk: This wakes icieul 7 ideo band | 
T apap This ee it poptble to raise the video band PACKAGE DIMENSIONS 
of high-resolution monitor TVs to 50°MHz. in millimeters 


7.0 MAX. 








FEATURES ® High fy: #7 = 300 MHz TYP. (@Vcr = 30 V, Ie = —30 mA) 
® Low Cop: Cop = 2.8 pF(@VeERg = 30 V) 

® High VoltagexVcego = 300 V, Vceo = 250 V 

® High Total Power Dissipation: P; = 1.0 W 

® Complementary to 2541545 


'_*= 
—” 


ABSOLUTE MAXIMUM RATINGS 
‘Maximum Temperatures 





Storage Temperature ............. —55 to +150 °C = 
Junction Temperature .......... 150°C Maximum a 
Maximum Power Dissipation (Tz = 25 C) . 
Total Power Dissipation ..........52e0e800% 1.0 W 
Maximum Voltages and Current (Ta = 25 °C) 
Vepo Collector to Base Voltage 300 V 
VcEO Collector to Emitter Voltage . 250 V 
VeRO Emitter to Base Voltage 5.0 V 
lc Collector Current 100 mA 
1. Emitter 
2. Collector 
3. Base 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 






SYMBOL CHARACTERISTIC _ MIN. TYP. ‘MAX. “TEST CONDITIONS 





hFE DC Current Gain 60 200 320 — Vege = 10 V, Ic = 10 mA* 









fr Gain Bandwidth Product 200 300 MHz Vce = 30 V, Ip = -30 mA 

Cob Output Capacitance 2.8 3.5 pF Veg = 30 V, Ie = 0, f = 1 MHz 
| Icpa Collector Cutoff Current 100 nA Veep = 200 V, lp =0 

l—eEBa Emitter Cutoff Curren: 100 1A Veg = 3.0 V, Ic =0 

VCE (sat) Collector Saturation Voltage 0.08 0.3 V Ic = 10 mA, Ip = 1.0 mA* 

VBE (sat) Base Saturation Voltage 0.72 1.2 V lc = 10 mA, Ip = 1.0 mA* 





C = 1000 pF, E-B Reverse Bias 





VESDR 





Electrostatic Discharge-Resistant 


* Pulsed PW < 350 ws, Duty Cycle < 2 % 


Classification of here 













Test Conditions: Veg = 10 V, lc = 10mA 





2SC4000 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


FORWARD BIAS SAFE 
OPERATING AREA 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 









9 
PS 
I¢— Collector Current A 


Py— Total Power Dissipation—W 
=) o 3 
rd 7m 
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Ta—Ambient Temperature —*C Veg —Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT: 


COLLECTOR CURRENT vs. 
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VpeE— Base to Emitter Voltage—V I¢— Collector Current—- mA 


OUTPUT CAPACITANCE vs. 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR TO BASE VOLTAGE 
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Ic Collector Current --mA Vcp~ Collector to Base Voltage—V 
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NEC ELEGTRON DEVICE 





COLLECTOR CURRENT vs. 
relict TO EMITTER VOLTAGE 


l¢ —Collector Current—mA 
° 





cc -£ 8 12 16 20 
Vcge—Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


en ee Ltt tt 
Lo CY 
1.0 50 8610 50 86100 





Io — Collector Current — mA 


VCE(sat), YBE(sat) — Collector and Base Saturation Voltage—V 
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NPN SILICON POWER TRANSISTOR 


2SC4001 








DESCRIPTION The 2SC4001 is designed for uses of high-resolution monitor TV 
applications. This makes it possible to raise the video band of 
high-resolution monitor TVs to 50.MHz. 


PACKAGE DIMENSIONS 


in millimeters (inches) 





















8.5 MAX. 
FEATURES @ High fy : f = 300 MHz TYP. (@Vc_ = 30 V, Ie = —30 mA) a ee 

_ _ > | "3.2 +0.2(¢ 0.126) 

< ® Low a8 . Cob = 2.8 pF (@Vcp = 30 V) = | | | 
® High Voltage @Vcgo = 300 V, Vceq = 250 V ! as 
® High Total Power Dissipation : s|5 
Pa (Ta/Te 225 °C) = 1.3 W/7 W Ss 
® Complementary to 2SA1546 ie 


“0.2 





ABSOLUTE MAXIMUM RATINGS 8 zz 
. ling == 
Maximum Temperatures Wail ol 
Storage Temperature... .. 0. eee eee —55 to +150 °C ms S 
Junction Temperature ........... 150 °C Maximum | 
Maximum Power Dissipation 
Total Power Dissipation (Tg = 25°C) ......... 1.3W 
Total Power Dissipation (T, = 25 IN sar. wav a 7.0W 
Maximum Voltages and Current (Tg= 25°C) ~ 
Vcpo Collector to Base Voltage 300 V 
Vceo Collector to Emitter Voltage 250 V 
- ) 1. Emitter 
Vepo Emitter to Base Voltage 5.0 Vs | 2. Collector connected to mounting plane | 
Ic Collector Current 100 mA | * 53 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


TEST CONDITIONS 












| SYMBOL CHARACTERISTIC 


he DC Current Gain 60 200 320 Voge =10V, Ic = 10 mA* 
oF Gain Bandwidth Product 200 300 MHz Vee =30V, le =—-30mA 
| Cob Output Capacitance 2.3 3.5 pF Veg =30V, lp =0,f=1 MHz 
IcBO Collector Cutoff Current 100 nA Vcp = 200 V, lp =0 
lEBO Emitter Cutoff Current 100 nA Ven =3.0V,Ilc=0 
VCE (sat) Coilector Saturation Voltage 0.08 0.3 Vv Ic = 10 mA, Ig = 1.0 mA* 
VBE(sat) Base Saturation Voltage 0.72 12 Vv lc = 10 mA, Ig = 1.0 mA* 


Electrostatic Discharge-Resistant C = 1000 pF, E-B Reverse Bias 





_VESDR _ 
* Pulsed PW = 350 us, Duty Cycles 2% 
Classification of hfe 


| Range 60 to 120 100 to 200 












Test Conditions: Vee = 10 V, Ic = 10 mA 
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2$C4001 


TYPICAL CHARACTERISTICS (T, = 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Py7—Total Power Dissipation—W 


0 20 40 60 80 100 120 140 160 
Ta~—Ambient Temperature —°C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


I¢—Collector Current —m 





0 02 04 06 O8 10 1.2 
VpeE~ Base to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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Ic —Collector Current —mA 
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25 °C) 


FORWARD BIAS SAFE 
OPERATING AREA 


T_T Single Pulsed) 
7 sy 






—mA 


lc —Collector Current 


0 200 
ieee to eae Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee—DC Current Gain 





ic —Collector Current —mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


amen 1 rs a 
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10 mel 


Cob —Output Capacitance —pF 


10° 30 tsa 200300 500 
Veg Collector to Base Voltage—V 
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lc —Collector Current—mA 





VCE(sat), VBE(sat) —Collector and Base Saturation Voltage—V 


NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 





Vce—Collector to Emitter Voltage—V 


COLLECTOR AND BASE 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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oH | | 
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l¢ —Collector Current —mA 







ELECTRON DEVICE 


DESCRIPTION The 2SD471 is designed for use in driver and output stages of 
audio frequency amplifiers. 
FEATURES @ High Total Power Dissipation: 


1.0 W at 25°C Ambient Temperature. 


NPN SILICON TRANSISTOR 


® Complementary to the NEC 2SB564 PNP Transistor. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
storage Temperature .............004- 
Junction Temperature 

Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation 
Thermal Resistance (Junction to Ambient) ... 

Maximum Voltages and Currents (Ta=25 °C) 


Veso Collector to Base Voltage ....... 
Vceo Collector to Emitter Voltage ..... 
Vepo Emitter to Base Voltage ........ 
Ic Collector Current ............ 
lp Base Current .........20205. 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL 





hee DC Current Gain 90 
hfe? DC Current Gain 90 
f+ Gain Bandwidth Product 

Cob Collector to Base Capacitance 

ICBO Collector Cutoff Current 

lEBO Emitter Cutoff Current 

VBE Base to Emitter Voltage 

VCE(sat) Collector Saturation Voltage 
VBE (sat) 


Base Saturation Voltage 


Classification of heey 





200 — 400 


hee, Test Conditions: Vee =1.0V, Ic =0.1A — 


*- © *£ 8 & B&F & &£ & 8 & Ff te a * a 


CHARACTERISTIC MIN. 


—55 to +150 °C 
gat ede te. % 2  .... +150 °C Maximum 


ered 1.0 W 


er 125 °C/W 














2SD471 





PACKAGE DIMENSIONS 


in millimeters (inches) 


7OMAX 
(0275 MAX } 


9.0 MAX 
_ (0.354 MAX ) | 


(0.118 MAX) 
=f 


3.0 MAX. 


z 
= 
et) 
/ 
—= 
of 
nar” | 


= 


055+01 
(0.022) 


4.0 MAX 
(0.157 MAX) 


1. EMITTER 
2. COLLECTOR 
3. BASE 


TEST CONDITIONS 
VcE=1.0 V, I¢=0.1 A 
VceE=1.0 V,1c=1.0A 
VceE=6.0 V, lE=10 mA. 
Vcp=6.0 V, le=0, f=1.0 MHz 
Vcp=30 V, Ig=0 
VeR=5.0 V, Ic=0 
VcE=6.0 V, Ic=10 mA 
Ic=1.0A, Ip=0.1 A 
Ic=1.0 A, tp=0.1 A 
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs, 
AMBIENT TEMPERATURE 


P,;—Total Power Dissipation —W 
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vs. COLLECTOR CURRENT 


10 ee 



















I =] Q- his 
Pulsed 





La 





4 ——— — so —) se 
SS555 SS Ser i 


ae 
Ln 


© 
Pho 







my 4 


i 


0.05 


= ae Se oe oe 


ee 


0.02 


0.01 meme 


imim A 7 5 20 


l-—Collector Current —A 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


runas ‘ 
104000 oe , fers 
| a T 3  a Ge a Bs i.o¥ 
ee ob ape Pe ep " bo 
—— | es a i 
BOO a ea a ee al Too eee 6 od ets Pulsed 
a ne " — + 2 ety ; — 
eee TT a TET 2h pe 
2000 = re = ebb & 2. ea god 
4 j Lid 7 > a Til 
100) ee TP CE 
_ — +» #4445558 | . “2 2 _ rt 
| as oe eee noo r a 
a a ie op atte - oe ee ' 
BOG a a ae eee es 
att tte ee 8 =e 
oe eee eee eg 
il ' 
4 ae _ - 
200 te 
c — =a mt a : 
100 Ts ae — ih 7 
pt bt es, 
eS ee ae ee eee TOU 7 ror q 
} ep sn <a 
BOF Mh cpeteleteieen a —s+ - 25 eee Ht 
| eae Seas i Ste pepe — fp 
| | 
ee ee oes See , oo ores Pate tt 
i} 
2G ees ae db obeabie op norte oo 
| 


imin Smllm20m OQmiOmMm mi 2 § WwW 
—7Collector Current—A 


|. —Collector Current—mA 


ELECTRON DEVICE 


NE 





COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 
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NE Cc ELECTRON DEVICE 


COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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DESCRIPTION The 2SD571 is designed for use in driver and output stages of 
audio frequency amplifiers, 
FEATURES ® High total power dissipation and high breakdown voltage: 
1.0 W at 25 °C Ambient temperature/VcEq =50 V 
@ Complementary to the NEC 2SB605 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............ —55 to +150 C 
Junction Temperature ......... +150 °C Maximum 
Maximum Power Dissipation (Ta = 25 ‘C) 
Total Power Dissipation ..............2.0- 1.0 W 
Thermal Resistance (Junction to Ambient) . .125 °C/W 
Maximum Voltages and Currents (Ta = 25 ‘C) 


Vergo Collector to Base Voltage ...... + @ V 
VceEO Collector to Emitter Voltage ...... 50 ~#=V 
Veso Emitter to Base Voltage ..... xe OM 
Ic Collector Current ............-. 07 A 
le . BaseCurrent ........0cceer ees 0.1 A 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC 

hee DC Current Gain | 

hee? DC Current Gain 

'T Gain Bandwidth Product 

Cob | Output Capacitance 

ICBO Collector Cutoff Current 

lEBO Emitter Cutoff Current 

VBE Base to Emitter Voltage 

Collector Saturation Voltage 


VCE(sat) 


VBE (sat) Base Saturation Voltage 


Classification of hee 





heey Test Conditions: VcE=1.0 V, Ic=0.1 A 





922 








NPN SILICON TRANSISTOR 


2SD571 


PACKAGE DIMENSIONS 


in millimeters (inches) 


70 MAX 
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TEST CONDITIONS 
VcE=1.0 V, Ic=0.1 A 
VcE=1.0 V, Ic=0.5 A 
Vce=6.0 V, lp=10 mA 
Vcp=6.0 V, |e=0, f=1.0 MHz 
Vcp=60 V, Ile=0 
VeEB=5.0 V, Ic=0 
VcE=6.0 V, Ic=10 mA 
Ic=0.5 A, 1g=0.05 A 
Ic=0.5 A, 1p =0.05 A 
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREAS COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE (TRANSIENT THERMAL RESISTANCE) COLLECTOR TO EMITTER VOLTAGE 
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2SD571 NEC itectron oevice 





OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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ELECTRON DEVICE 





2SD773 





ee 


DESCRIPTION The 25D773 is designed for use in driver and output stages of 
audio frequency amplifiers. PACKAGE DIMENSIONS 


in millimeters (inches) 





FEATURES ® High Total Power Dissipation Py : 1.0 W (Ta = 25 °C) . 7.0 MAX. 














(0.275 MAX.) 
@ High DC Current Gain hee : 250 TYP. (lc =100 mA) —_ 
a ® Low Collector Saturation Voltage iz “3 
=a 
Vee(cat) 10.2 V TYP. (Ic=1.0A) ; ry 
| ; > =| 
® Complementary to the NEC 2SB733 PNP Transistor. 0.8-0.1 a _t 
(0.031) is a 
06-01 ae S| 
ABSOLUTE MAXIMUM RATINGS (0.024) er 4 
Maximum Temperatures t are as] | 
Storage Temperature............. —55 to +150 °C (0.024) | 
ion T See e eee ee 150 °C Maximun u7t | | os weedy 
Junction Temperature : 150 “C Maximum (o067)== (0067) Gar 
Maximum Power Dissipation (Ta=25 C) | ~ bas (0.022) 
eee oo 
Total Power Dissipation. ................ 1.0 W ee 
Maximum Voltages and Current (Ta=25 °C) S 
-- 1. EMITTER ad 
VcBo Collector to Base Voltage......... 20 V . COLLECTOR 
. BASE 
VcEo Collector to Emitter Voltage....... 16 V 
VERO Emitter to Base Voltage .......... 6.0 V 
Ic Collector Current ..............20A 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 














SYMBOL CHARACTERISTIC MAX. TEST CONDITIONS 

heed DC Current Gain _ 135 250 600 = VCE=2.0V,Ic=100mA sis 
hFea DC Current Gain 100 - Vee=1.0 V,!1c=10A 

fr Gain Bandwidth Product 50 110 MHz Vce=2.0 V, le=-10 mA 

Cob Output Capacitance 16 35 pF Vop=10 V, le =0, f=1.0 MHz 
IcBo Collector Cutoff Current 100 nA Vcp=16 V, le =0 

lesa Emitter Cutoff Current 100 nA Veg=6.0 V, Ic=0 

VBE Base to Emitter Voltage 0.55 0.60 0.65 V VcE=6.0 V, Ic =5.0 mA 

VCE (sat) Collector Saturation Voltage 0.20 0.30 V Ic =1.0 A, |gp=50 mA 

VBE (sat) Base Saturation Voltage 0.93 1.20 Ic=1.0 A, lg=50 mA 





Classification of heey 














a - . — T ——— ee ag ee ae ee =a 
Rank | Lo K3 | «Ky U4 U5 
Fionge 135 — 270 200 — 320 250 — 400 300 -- 480 360 — 600 


_————— EE ee eee ek 


Test Conditions: Vee=2.0 V, lc =100 mA, 
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2SD773 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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SAFE OPERATING AREA 
(TRANSIENT THERMAL 
RESISTANCE METHOD) 





VceE — Collector to Emitter Voltage —V 


— Base Saturation Voltage —V 


VCE(sat) — Collector Saturation Voltage —V 


VBE(sat) 


DC CURRENT GAIN vs, 
COLLECTOR CURRENT 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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ft —Gain Bandwidth Product — MHz 





GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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2SD774 








DESCRIPTION The 2SD774 is designed for use in driver and output stages of | : 
audio frequency amplifiers. PACKAGE DIMENSIONS | 
in millimeters (inches) 
7.0 MAX. 
FEATURES ® High Total Power Dissipation Py : 1.0W (Ta=25 °C) (0.275 MAX.) 
-~_ .@ High Voltage Vce: 50 V MIN. — 
; | 
® Complementary to the NEC 2SB734 PNP Transistor. a 
; Cut 
= =| 
= -— 
ABSOLUTE MAXIMUM RATINGS a | 
Maximum Temperatures mS so | 
- 0.60.1 == 
Storage Temperature..... ee eee —55 to+150 C (0.024) ad 
Junction Temperature .......... 150 °C Maximum en =) | 


Maximum Power Dissipation (Ta=25 C) 


Total Power Dissipation, ............e02. .10W 
Maximum Voltages and Current (Ta=25 °C) 

VcBo Collector to Base Voltage........ 100 V 

VcEO Collector to Emitter Voltage. ..... 60 V 

VeBo Emitter to Base Voltage......... 6.0 V 

Ic Collector Current ..........00,> 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC 


hee DC Current Gain 
hFea DC Current Gain 
f+ Gain Bandwidth Product 
Cob 
ICBO 
lEBO 
VBE 
VCE (sat) 
VBE (sat) 


Output Capacitance 
Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voltage 


Base Saturation Voltage 


Classification of hee; 


Si) | (rr a aaa a eee SS Se if 
| Range | 135-270 | 200-320 | 250-400 | 300-480 360-600 | 











Test Conditions : Veg =2.0 V, Ic=100 mA. 
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TEST CONDITIONS 
Vce=2.0 V, Ic =100 mA 
VcE=1.0V,I¢=1.0A 
Vee =2.0 V, le=-10 mA 
Vcoeg=10 V, le=0, f=1.0 MHz 
Vege =50 V, le =0 
Vep=6.0 V, lc=0 
Voce =6.0 V, Ic=5.0mA 
Ic=1.0 A, lp=50 mA 
Ic=1.0 A, Ig=50 mA 
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TYPICAL CHARACTERISTICS (Ta=25 °C) 


SAFE OPERATING AREAS 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


Cob — Output Capacitance ~ pF 
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NPN SILICON POWER TRANSISTORS 


2SD794,2SD794A 


NE 


ELECTRON DEVICE 















DESCRIPTION The 2SD794, 2S5D794A is an NPN general purpose transistor 


designed for use in Audio frequency amplifier. | PACKAGE DIMENSIONS 


| in millimeters (inches) 


“sy 


FEATURES @ High Voltage and Large Current capacity. , 4 MAX. ares 
® Complementary to NEC 2SB744, 2SB744A PIP transistor. $3.25 0.2(4 0.126) a A | 





| 


(0.472 MAX.) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


"12.0 MAX. 





Storage Temperature ............. —55to +150 i = 
Junction Temperature ........... 150 °C Maximum is 
Maximum Power Dissipations 5 
Total Power Dissipation (Tz = 25°C) ......... 1.0 W a\3 
Total Power Dissipation (Te = 25°C) .......... 10 W | “Is | 
Maximum Voltages and Currents (Ta = 25 °C) g+oc8 W ae 
2SD794, 2SD794A hwnd : 
Veso Collector to Base Voltage. 70 70 V 
VcEO Collector to Emitter 
Voltage. . scan ew bi 45 60 V 
VeEBO Emitter to Base Voltage . . 5.0. 5.0 V 
lcipc) Collector Current (DC) .. 3.0 3.0 A 
Ic(putse) Collector Current (pulse) . 5.0 5.0 A (1. Emitter . 
.2. Collector connected to mounting plane | 


| 3. Base 
Fs | 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 









SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
EE} DC Current Gain 30 70 VcE=5.0V,Ic=20mA* 
hee DC Current Gain 60 100 320 Voce =5.0V,Ic=0.5A* 
fT Gain Bandwidth Product 60 MHz Vee =5.0V,lc=O.1 4 
Cob Output Capacitance 40 pF Vcp = 10 V, le = 0, f = 1.0MHz 
ICBO Collector Cutoff Current 1.0 uA Veg =45V, le =0 
lEBO Emitter Cutoff Current 1.0 LA Veg =3.0V, Ic =0 
VCE (sat) Collector Saturation Voltage 0.3 2.0 V ic = 1.5 A, Ip = 0.15 A* 
| VBE (sat) Base Saturation Voltage 0.8 2.0 V Ic=1.5A, lp =0.15 A* 





*Pulse Test : PW <350 us, Duty Cycle <2 % 


Classification of hres 





Ri 


Range | 60to0 120 | 100 to 200 | 160 to 320 | 


Test Conditions : Vcg =5.0V,Ic=05A 
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2SD794,2SD794A 


VBE(sat) Base Saturation Voltage—V 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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| 1. Aluminum ‘heat sink 
— 4 of 1.0 mm thickness. 


ry 
oO 


2. With no insulator film. 
3. With silicon compound. 
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DERATING CURVE OF SAFE 
OPERATING AREAS 


% 
— 
N 
o 









— 
o 
o 


oO 
oO 


oO 
oO 


pf 
oa 


ho 
=) 






50. 100 150 
T. —Case Temperature —°C 


d?l—Percentage of Rated Current —% 
o 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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I¢ —Collector Current—A 


NEC tectron oevice 


SAFE OPERATING AREAS 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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ELECTRON DEVICE 









DESCRIPTION The 2SD809(1) is designed for use in driver and output stages of. 


audio frequency amplifier, and low speed switching. 


FEATURES @ Suitable for general driving use, such as lamp, relay or motor. 
e Low Collector Saturation Voltage. 

@ High hee and Excellent hee Linearity. | 

@ Complementary to the NEC 2SB731 PNP Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ............. —55 to +150 °C 
Junction Temperature .......... . +150 °C Maximum 
Maximum Power Dissipations 
Total Power Dissipation (Tz =25-C) ..... 1.0 Ww 
Total Power Dissipation (Tp = 25°C) ..... 10 WwW 
Maximum Voltages and Currents (T, = 25 °C) 
VcBpo Collector to Base Voltage ..... 100 «€OV 
VcEO Collector to Emitter Voltage... 50 V 
Veso Emitter to Base Voltage...-.. 6.0 V 
lc(pc) Collector Current ........ .. 1.0 A 
lCipulse)” ~=—-« Collector Current ....... -.. 20 #A 
Igipc) Base CUNEIE eb sade Se 05 A 


* PW=10ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC 
DC Current Gain 
DC Current Gain 
Gain Bandwidth Product 
Output Capacitance 





Collector Cutoff Current 

Emitter Cutoff Current 
VcCElsat) “* Collector Saturation Voltage 
VBE(sat) ** Base Saturation Voltage 


** Pulsed /PW=350 us, Duty Cycle <2 % 
Classification of heey 


Test Conditions: Veg = 2.0 V,1C =0.1A 












NPN SILICON POWER TRANSISTOR 


2SD809(1) 








— 
| PACKAGE DIMENSIONS | 
in millimeters (inches) 
| 8.5 MAX. | 
| (0.334 MAX.) 

j 


+ 2.8 MAX. 
| $3.2£0.2(60.126) (0.110 MAX.) 
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1. Emitter 
2. Collector connected 
to mounting plane 

3. Base 





TEST CONDITIONS 
VceE=2.0V, Ic =0.1A | 
Vce =1.0V, ic =1.04 
Vce = —2.0V, lp =—10mA 
Vopg = 10 V, Ie = 0, f= 1.0 MHz 
Vig = 50 V, Ie =0 
VerR =6.0 V, Ic = 0 
Ic =1.0A, Ip =50mA 
Ic =1.0A, Ip =50mA 
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2SD809(1) | NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (Tg = 25 C) 
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ELECTRON DEVICE 








NPN SILICON POWER TRANSISTOR 


DESCRIPTION The 25D882 is NPN silicon transistor suited for the output 
stage of 3 watts audio amplifier, voltage regulator, DC-DC con- 
verter and relay driver. 

FEATURES ® Low saturation voltage. 


= VeceElsat) = 0.5 V (@ Ic = 2A, Ip = 0.2 A) 
® Excellent hee linearity and high hre- 
hee : 60 to 400(@ Vee = 2 V, Ile = 1 A) 


® Less cramping space required due to small and thin package 


and reducing the trouble for attachment to a radiator. 
No insulator bushing required. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature............. —55 to +150 °C 

Junction Temperature ........... 150°C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Tz = 25°C) ......... 1.0W 

Total Power Dissipation (Tg = 25°C) ....-......10W 
Maximum Voltages and Currents (Tg = 25 “C) 

VcBo Collector to Base Voltage ....... 40 V 

VcEO Collector to Emitter Voltage..... 30 V 

VeEBO Emitter to Base Voltage ........ 50 V 

lc(pe) Collector Current (D.C) ........ 3.0 A 

Ic(pulse)” Collector Current (pulse) ....... 7.0 A 


*Pulse Test PW S 350 us, Duty Cycle = 2 % 


ELECTRICAL CHARACTERISTICS (Tz = 25 "o) 
CHARACTERISTIC 

DC Current Gain 

DC Current Gain 

Gain Bandwidth Product 

Output Capacitance 


Collector Cutoff Current 
Emitter Cutoff Current 





SYMBOL 
NFE1 
NFE2 
fT 
cob 
ICBO 
| 'EBO 

VCE(sat) 
| VBE(sat) 


**Pulse Test : PW = 350 us, Duty Cycle 


Collector Saturation Voltage 
Base Saturation Voltage 


=2% 


Classification of here 


J fonk | oR | a | re | e | 
60 to 120 | 100 to 200 | 160 to 320 | 200 to 400 | 


Test Conditions : Vee =2.0V, Ic =1.0A 
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See 


SS 


PACKAGE DIMENSIONS | 
in millimeters (inches) | 


2.8 MAX. 


(0.472 MAX.) 


[12.0 MAX. 


ro2) Le 
(0.098) | 
13.0 MIN. 





2.5 
(0.512 MIN.) 


+0.08 
0.87558 | 


(0.031) | 





- =i — 


(0.047) 


2.3 2.3 
(0.090); (0.090) 


| 1. Emitter 
| 2. Collector connected to mounting plane 
| 3. Base 


ee ee 





TEST CONDITIONS 
VcE = 2.0 V, Ic = 20maAt* 
Vce = 2.0 V, Ic = 1.0 A** 
VcE=5.0V,1C=01A 
Vcp = 10V, Ip = 0, f= 1.0 MHz 
Vcp= 30V,Ig=0 
Vep = 3.0 V, Ic =0 
Ic =2.0A, Ip=0.2A** 
lc = 2.0 A, Ip = 0.2 A** 
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2SD882 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


NOTE 
1. Aluminum heat sink 
10 of 1.0 mm thickness. 
2. With no insulator film> 
3. With silicon compound. 


—Total Power Dissipation—W 
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O3 2. Curves must be derated 
linearly with increase of 
temperature and Duty Cycle. 
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BASE AND COLLECTOR SATURATION 


> VOLTAGE vs. COLLECTOR CURRENT 
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DERATING CURVES FOR ALL TYPES 
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dT —Percentage of Rated Current - 
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T.—Case Temperature—"C 


COLLECTOR CURRENT vs. 
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—Collector Current —A 
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Vcr Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


Voce =5.0 V 
Forced air 
ean 
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Cib—Input Capacitance —pF 


NEC ELECTRON DEVICE 


THERMAL RESISTANCE vs. 
PULSE WIDTH 
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INPUT AND OUTPUT CAPACITANCE vs. 
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NPN SILICON DARLINGTON POWER TRANSISTORS 


2SD985,2SD986 


NEC 


ELECTRON DEVICE 








DESCRIPTION The 2SD985, 2SD986 are darlington transistors built-in dumper PACKAGE DIMENSIONS 





Maximum Temperatures 





diodes at E-C. | in millimeters (inches) 
They are suitable for use to operate from IC without predriver. | | 
such as hammer driver. | (0-334 MAX) 2.8 MAX. | 
| $ 3.250.2(6 0.126) age as dalla 
FEATURES @ High DC Current Gain. oar == |__ ><> 
ae ® Low Collector Saturation Voltage. | pf ia == 
® Built-in a dumper diode at E-C. a oe pe 
® Complementary to the NEC 2SB794, 25B795 PNP Tran- x I r We 
sistors. oan tht <S 
a ot 
ABSOLUTE MAXIMUM RATINGS sana a3 
Storage Temperature....... Je... —55 to +150°C | 
Junction Temperature ...........+150 °C Maximum 
Maximum Power Dissipations 
Total Power Dissipation (Tz = 25°C) ......... 1.0W 
Total Power Dissipation (Tp = 25°C) .......... 10W 


Maximum Voltages and Currents (Tz = 25 °C) 
2SD985 2SD986 


Vcpo Collector to Base Voltage... 150 150 V 

Vceo Collector to Emitter Voltage. 60 80 V - So a 
VeRO Emitter to Base Voltage. ... 8.0 V 3. Base (B) 
lcioc} Collector Current......... +1.5 A 4. Fin (Collector) 
lcipulse) Collector Current......... +3.0 A _ 

Isioc) Base Current... 2. sass as 0.15 A 


*PW=10ms, Duty Cycle =< 50 % 


ELECTRICAL CHARACTERISTICS (Ta = 25 ‘C) 


| SYMBOL CHARACTERISTIC _ N. . MAX, TEST CONDITIONS _ 
heey * DC Current Gain a Voce =2.0V, Ic =0.5A 

hee ** DC Current Gain Veep =2.0V, 1c =1.0A4 

fan Turn On Time . /ic=1.0A,R_ = 502 
| tstg storage Time : | Ip1 =—Ipa=1.0mA, Vcc= 50 V 
tf Fall Time , \See Test Circuit 





IcBO Collector Cutoff Current : Vcp = 60/80 V, le =0 

leBo Emitter Cutoff Current n Vep = 5.0 V, Ic =0 

VCE(sat) “* Collector Saturation Voltage Ic =1.0A, lp =1.0mA 
| VBE(lsat) ~~ Base Saturation Voltage , Ic = 1.0 A, lp =1.0mA 


** Pulsed /PW=350 ws, Duty Cycles 2 % 


Classification of here> 


[rene [ow Tt 
' Range 2000 to 5000 /4000 to 10000 


Test Conditions: Vce = 2.0 V, Ic =1.0A 






: — 
8000 to 30000 
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2SD985,2SD986 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


SAFE OPERATING AREA 
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COLLECTOR CURRENT 
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DERATING CURVE OF SAFE 
OPERATING AREA 
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NEC ELECTRON DEVICE 


SWITCHING TIME (ton, tstg- te] TEST CIRCUIT 
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NPN SILICON DARLINGTON POWER TRANSISTOR 


2SD987 





> 





ELECTRON DEVICE 








DESCRIPTION ~~ The 2SD987 is NPN silicon triple diffused darlington transistor de- 
signed for pulse motor driver, relay driver and ignitor applications. PACKAGE DIMENSIONS 


in millimeters (inches) 


hy 


FEATURES ® Low collector saturation voltage. 
'. © High voltage rating, 


ABSOLUTE MAXIMUM RATINGS 





Maximum Temperatures | Yosiy 
Storage Temperature ..............- —55 to +150 °C | 983.034 | 
Junction Temperature ............. 150 °C Maximum on 1 

Maximum Power Dissipation (T, = 25 °C) [+t +] 
Total Power Dissipation. .......0500000+e+. 40 W 

Maximum Voltages and Currents (T, =25 °C) = spate (c) 
Vcpo Collector to Base Voltage.......... 500 V | 3 aah at an = 
VcEO Collector to Emitter Voltage........ 400 V JEDEC: TO-220AB R1*500 2 
VeEBo Emitter to Base Voltage......... cs 80 V oper 
lc(pc) Collector Current(DC) ........... £5.0 A 
lc(putse) Collector Current (Pulse)* ......... +10 A 
lpipc) Base Current (DC) ...........-... 05 A 


* PW = 300 us, Duty Cycle s 10 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 

SYMBOL CHARACTERISTIC ; . TEST CONDITIONS 
DC Current Gain** Vcee=2.0V,Ic=10A 
DC Current Gain** | Vee =20V,Ic=3.0A 
Turn-on Time i ‘Ic =3.0 A, lpz=—lg2=30 mA | 
storage Time : Ri =50 2, Vec +150 V 
Fall Time : \ See Test Circuit. 
Collector Saturation Voltage* * is ; Ic=3.0A,lgp=30 mA 
Base Saturation Voltage** : Ic =3.0 A, |lp=30 mA 
Collector Cutoff Current Vcp=400 V,ie=0 





**Pulse Test : PW = 350 us, Duty Cycle = 2 %/Pulsed 


Classification of heey 
| Rank | Rank | MoM L PK IK 
200 to 500 | 400to 1000 | 800 to 2000 


Test Conditions : Voce =2.0V,Ic=1.0A 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


PT Total Power Dissipation— W 
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lc Collector Current 
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Rth(j—c)~ Thermal Resistance 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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DC CURRENT GAIN vs. COLLECTOR 
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2SD987 


NEC ELECTRON DEVICE 





SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 
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NPN SILICON TRANSISTOR 


25D1020 > 


ELECTRON DEVICE 





DESCRIPTION The 2SD1020 is designed for use in output stage of portable RADIO 


a: PACKAGE DIMENSIONS 
and cassette type tape recorder, general purpose applications. 


in millimeters (inches) 





. 4.2 MAX. 2.2 MAX. 
FEATURES @ High total power dissipation. a = ee i 
P, = 350 mW , MET: 
~ ® High Hee and low Vee (sat) 6 l=a 
hee (Ic = 100 mA) : 200 TYP. oS 
VCE (sat) (700 mA) : 0.20 V TYP. 
@ Complementary to the NEC 2SB810 PNP transistor. | | 
ize 
)=3 
ABSOLUTE MAXIMUM RATINGS jae 
Maximum Temperatures | ~ 
Storage Temperature ........ aueene et —55 to + 150°C 
Junction Temperature ............... +150 °C Maximum — s 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation ...... ee ee ee 350 mW 
Maximum Voltages and Currents (Ta = 25 ‘C) io 
VicBo Collector to Base Voltage ........ aerate 30 V S . a al bea del 
Vceo Collector-to Emitter Voltage ............., 25 V 3. BASE 
Vepo Emitter to Base Voltage ................- 5.0 V . 
Ic Collector Cumrsnt ss0% enddnewans 24445.0%0 700 mA 
lp ase GUNIGNG 23 o40 ads x5 soe ORE SASS 150 mA 
ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
hee7*  DCCurrentGain | 110 200 400 ms VcE=1.0 v, !c=100 mA 
hFeo* DC Current Gain 50 140 — Vce=1.0 V, lc=700 mA 
Cob Collector to Base Capacitance 13 25 pF Vcp=6.0 V, le=0, f=1.0 MHz 
fT Gain Bandwidth Product 50 170 MHz Vce=6.0 V, le=10 mA 
VBE* Base to Emitter Voltage 600 640 700 mv Vce=6.0 V, Ic=10 mA 
VCE(sat)* Collector Saturation Voltage 0.2 0.4 Vv Ic=700 mA, Ip=70 mA 
VBE(sat)* Base Saturation Voltage 0.95 1.2 V Ic=700 mA, Ip=70 mA 
IcBO Collector Cutoff Current 100 nA Vcp=30 V, le=0 
lEBO Emitter Cutoff Current 100 nA VeR=5.0 V, [c=0 


*Pulsed PW = 350 us, duty cycle = 2.0 % 


Classification of heey 





ane ee = —-- --- ---- -- fj 


| 170-270 | 200—320| 250 —400 


110-180 | 135 — 220 


hee, Test Conditions : Vce=1.0 V, lc =100 mA 
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2SD1020 


NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


In free air 


W 


aaa 


mA 


Collector Current 


P,—Total Power Dissipation 
le 






a) 25 50 79 106 «125 ~—Sts«d150 175 


Ta—Ambient Temperature -—- °C 


DC CURRENT GAIN, 
BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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Ic —Callector Current —maA 


EMITTER TO BASE AND COLLECTOR 
TO BASE CAPACITANCE vs. 
REVERSE VOLTAGE 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


100 
— a 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 







— e-fe Se es— 


Ie Collector Current —mA 


Vor Collector to Emitter Voltage —V 


0.9 


05 O68 O07 O8 io LI 


VBE ~ Base to Emitter Voltage—V 


COLLECTOR TO EMITTER VOLTAGE 
vs. BASE CURRENT 


GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 


MHz 


tr Gain Bandwidth Product 





mA 


Current 


le -Emitter Current —mA 


NEC / ____ NPNSILICON TRANSISTOR — 
ELECTRON DEVICE 2 S D 1 O2 1 





DESCRIPTION The 25D1021 is designed for use in driver and output stages of audio 
frequency amplifiers. PACKAGE DIMENSIONS 


in millimeters (inches) 





FEATURES @ High total power dissipation: (0.185 MAX. (0086 MAX. 
350 mW at 25 “C Ambient Temperature. oe! 
| 7 *f] 


® Complementary to the NEC 25B811 PNP transistor. 


(0.175 MAX) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature .............0000- —55 to+ 150°C 








<7 
Junction Temperature ............... +150 °C Maximum = 
Maximum Power Dissipation (Ta = 25 °C) S 
Total Power Dissipation ..........000 05 cee ueeee 350 mW 
Thermal Resistance (Junction to Ambient) ...... 429 °C/W | 
Maximum Voltages and Currents (Ta = 25 °C) 
Vcspo Collector to Base Voltage .............0008 30 Vo} 1.27 (0.08) 1.27(0,08) 
Vceo Collector to Emitter Voltage .............. 25 V : +t “3 2 
Vego Emitter to Base Voltage ...... ee ee ee 5.0 V \! } es eee 
la Collector Current ......... Re ae ree 10A | ~~ 2° COLLECTOR 
lg «Base Current ..... 0.0 .cecececeaceceeeees O1A | > : 3. BASE 





SYMBOL CHARACTERISTIC TEST CONDITIONS 


ICBO 
lEBO 
VBE 
VCE(sat) 
VBE(sat) 


DC Current Gain 

DC Current Gain 

Gain Bandwidth Product 
Collector to Base Capacitance 
Collector Cutoff Current 
Emitter Cutoff Current 

Base to Emitter Voltage 
Collector Saturation Voltage 
Base Saturation Voltage 


Classification of h FE1 





170 —270 


hfe, Test Conditions : VcEe=1.0 V, Ic=0.1 A 





Vce=1.0 Vv, lc=0.1 
Vce=1.0 V, lc=1.0A 
Vce=6.0 V, lE=10 mA 
VCB=6.0 V, I¢=0, f=1.0 MHz 
Vcp=30 V, le=0 

VeR=5.0 V, Ic=0 

Vce=6.0 V, Ic=10 mA 
ic=1.0 A, [p=0.1 A 

lc=1.0 A, Ip=0.1 A 
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2SD1021 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P>—Total Power Dissipation —W 





0 50 100 2~SC*«C‘S 200 25h 
Ta—Ambient Temperature —°C 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


See Ie = 10, 


= Pulsed 
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VBE(sat) -Base Saturation Voltage —V 
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Ie- Collector Current—A 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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mA 


Ic Collector Current 


COLLECTOR CURRENT vs. 


COLLECTOR TO EM 


“mA 


lc Collector Current 


Yop Collector to Emitter Voltage ¥ 


COLLECTOR CURRENT vs. 
BASE TO EMITT 





05 06 O07 O8 089 
Vee — Base to Emitter Voltage —V 


ER VOLTAGE 








NEC ELECTRON DEVICE 





COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee -DC Current Gain 





COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


ei eerie 
ii emati 





Cob Collector to Base Capacitance —pF 


ol 02051 2 ° 5 
Veg —Collector to Base Voltage —' 





ELECTRON DEVICE 2 S D 1 3 7 





DESCRIPTION The 25D1312 is designed for use in driver and output stages of. 
audio frequency amplifiers. PACKAGE DIMENSIONS 


in millimeters (inches) 


7.0 MAX. 
FEATURES ® High total power dissipation and high breakdown voltage: (0.275 MAX.) 
1.0 W at 25 °C ambient temperature /VceEg = 80 V | 
— ® Complementary to the NEC 2SB984 PNP transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





Storage Temperature ............ . -55 to +150 °C 
Junction Temperature .......... +150 °C Maximum 

Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation..... 5g, tins Hirst Re Hants Pace 1.0 W 

Maximum Voltages and Currents (Ta= 25 °C) ae 
VcBo Collector to Base Voltage........ 120 V Ze 
VeEeEO Collector to Emitter Voltage ..... 80 V aie 
Veso Emitter to Base Voltage........ . 50 V . 
lc(pc) Collector Current .......20.... 10A M ae an / 
Ic{pulse) Collector Current ............. 2.0 A 3. BASE 


*PW <10 ms, duty cycle=50 % 


ELECTRICAL CHARACTERISTICS (Tg =25 °C) 










SYMBOL CHARACTERISTIC MIN. TYP, MAX. UNIT TEST CONDITIONS 
hee DC Current Gain — -4350—~——t—“‘<i—é‘é‘w OOOO!O;~;”CN GRO, I= 200 mA 
hee? DC Current Gain 75 Vce=1.0 V, Ic =500 mA 

fT Gain Bandwidth Product 50 120 MHz Vce =6.0 V, le =—-200 mA 
Cob Output Capacitance 13 30 pF Vcp=10 V, Ile =0, f= 1.0 MHz 
icBo Collector Cutoff Current 100 nA Vcp=100 V, ip =0 

lEBO Emitter Cutoff Current 100 nA VeR=5.0 V, Ic =0 

Vee Base to Emitter Voltage 550 610 650 mv Vege =6.0 V, lc =10 mA 

VCE (sat) Collector Saturation Voltage 0.25 0.5 V lc =1.0 A, lp=100 mA 





V BE (sat) Base Saturation Voltage 1.0 1.2 V lc= 1.0 A, lp=100 mA 


Classification of heey 








Test Conditions: Vce =1.0 V, lc =200 mA. 


/ NPN SILICON TRANSISTOR 


2 


| 


0.354 MAX.) | 
——— 


9.0 MAX. 


f 
oat 


: 


12.0 MIN. 
(0.473 MIN.) 
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28SD1312 _ IWEG ELectRON DEVICE 





TYPICAL CHARACTERISTICS (T,=25 °C) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREAS COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE (TRANSIENT THERMAL RESISTANCE METHOD) COLLECTOR TO EMITTER VOLTAGE 
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PT —Total Power Dissipation—W 
o S 
ho mm 


Ic — Collector Current — mA 
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Ta~ Ambient Temperature — °C 
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COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
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1.0 a ar ; 
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Pulsed 
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0.8 +74 


+ rt 
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hfe —DC Current Gain 
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VOLTAGE vs. COLLECTOR CURRENT 
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NEC trectron vevice _ | 28D1312 








GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE vs. 
EMITTER CURRENT COLLECTOR TO BASE VOLTAGE 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 





The 25D1481 is NPN silicon epitaxial transistor designed for motor 


driver and relay driver applications. 


®@ Low collector saturation voltage. 


®@ Operates from IC without predriver. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


otorage Temperature .........00 020s —55 to +150 °C 


Junction Temperature 


Maximum Power Dissipation (T, =25 ge 


Se a ete ave oe 150°C Maximum | 


Total Power Dissipation. ........0.00000 ue 15 W 
Maximum Voltages and Currents (T, =25 °C) 
Vcspo Collector to Base Voltage .......... 60210 V 
VcEO Collector to Emitter Voltage........ 60£10 V 
VEBO Emitter to Base Voltage. ....... ~. 70 V 
lc(pc) Collector Current (DC) ........... 50 A 
Ic (pulse) Collector Current (Pulse)” ......... 40 A 
lstoc) Base Current(DC) .....0..00 00a. 02 A 


*PW = 300 ws, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (T,=25 C) 





SYMBOL CHARACTERISTIC 









Collector Cutoff Current 


**Pulse Test : PW = 350 us, Duty Cycle 


Classification of Hee4 


a ae a 
2000 to 5000 | 4000 to 10000 


Test Conditions : Voce =2.0V,Ic=1.0A 










K 


550 


= 2%/Pulsed 


hFEq DC Current Gain** 2000 20000 
hee? DC Current Gain** 500 

ton Turn On Time 0.5 

tstg storage Time 2.0 

te Fall Time 1.0 

VCE(sat) Collector Saturation Voltage* * 1.5 
VBE (sat) Base Saturation Voltage** 2.0 








NPN SILICON DARLINGTON POWER TRANSISTOR 











0.8+ 0.3 


2. Collector (C) 
3. Emitter (E) 


JEDEC: TO-220AB R1=3.0 ko 





2SD1481 








PACKAGE DIMENSIONS 


in millimeters (inches) 


4.9 MAX, 
(0.193 MAX.) 


| 


<. 10.7 MAX. 
(0. 


#21 MAX). 36. 92 
(yi 0.142) 


33 
o— [1 
38 






13+02 
| (0.051) 







15.9 MAX. | | 
(0.626 MAX.) 











MAX. 6. 


~T 


(0.252 MAX.) (0.228 MIN.) [= 


13:02 
(0.051) 


rea 
12.5 MIN 
(0.492 MIN.) 


1 sf 


(0.031) 


; 


254 2.54 
(0.1) (0.1) 


+> > 


EI 


. Base (B) 


1(B) 
. Fin (Collector) 












Ra®=300 2 Rl R? 


TEST CONDITIONS. 
Voce =2.0V,Ic=1.0A4 
VcE=2.0V,Ic=3.0A 
( Ic=1.0A, 1g, =—Ip2=10mA 







RL =50 2, Vee +50 V 

See Test Circuit. 
lc=10A, lp=1.0mA 
Ic=1.0A,1g=1.0 mA 
Vcp=40V,Iie=0 









NEG ttectron vevice | 25D1 43 1 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. DERATING CURVE OF SAFE 
AMBIENT TEMPERATURE 


OPERATING AREA ee SAFE OPERATING AREA 


O% 
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— 
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COLLECTOR CURRENT vs. DC CURRENT GAIN vs. > BASE AND COLLECTOR SATURATION 
TZ TO eo VOLTAGE : COLLECTOR CURRENT » ~ VOLTAGE vs. COLLECTOR CURRENT 
FH 7 7 % | — |ic=1000- se — ee 
ae ae Oe = © «|Pulsed aati Tih 
; - EC S & ofPusee fae 
Ll 5 10000 ein ss | onl 
® = as = * Pitt ; al 
S ee Ss 58 
5 O 1000 " = 
9 5 a SF 8 
z 7. Set go 
7 Ie <i Mien és 
=) ee L aot 
| | Hitt BS 
| FE oe gee 
0 1 2 3 4 5 0.01 0.05 0.1 05 1 5 10 Of 
VceE—Collector to Emitter Voltage—V l¢—Collector Current—A Ic—Collector Current—A 


SWITCHING TIME (ton, tetg, te) TEST CIRCUIT 


VIN 


PW 





PW=50 ws VaB=-5 V 
Duty Cycles 2 % 





ton tsta ty 
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NPN-SILICON DARLINGTON POWER TRANSISTOR 


ELECTRON DEVICE 2SD1491 











PACKAGE DIM IMENSIONS —_| 





DESCRIPTION The 2SD1491 is a darlington transistor built-in a zener diode at 
B-C and a dumper diode at E-C. 












in millimeters (inches) 
It is suitable for use to operate from IC without predriver, such 8.5 MAX. 
i (0.334 MAX.) 2.8 MAX. 
as hammer driver. =} (0.11 MAX.) 
| $ 3.2+0.2(¢ 0.126) 
FEATURES -*_- ®@ High DC Current Gain. ¥ 3 
. = | ot 
® Built-in a Zener Diode at B-C and a Dumper Diode at E-C. =|= 
| ol 
® Low Collector Saturation Voltage. | a : Ise | 
fe ie 
ABSOLUTE MAXIMUM RATINGS | 12 ee las 
f | (0.047) >|25 
Maximum Temperatures ; | ( ves J o.55+999 
Storage Temperature ............. —55to+150 C | Sole (0.021) 
Junction Temperature ........... +150 °C Maximum | @iLow ae pl 
Maximum Power Dissipations Oget 7 
Total Power Dissipation (Tq= 25°C) ..... 10 wile. 
Total Power Dissipation (Tp = 25°C) ..... 10 Ww 5323 (0.047) 
Maximum Voltages and Currents (T3 = 25 “C} (0.090) (0.090) 1. Emitter 
| 2. Collect ted 
Veso Collector to Base Voltage..... 60210 V {e-¢-o} san a ah 
VcEO Collector to Emitter Voltage... 60410 V lila 
VeBo Emitter to Base Voltage ...... 8.0 V mG} 
Icipc) Collector Current ..5 5.4.5. +20 A | 
Iciputse)” Collector Current .......... +30 A | 
lB(DC) Beats OUT 6 lhe oe: ie ose 4 S-Gxe : 0.2 A | XB)o 


*“PW=10ms, Duty Cycle = 50 % 


Ri 10 ko Ry 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC _ MIN. TYP. MAX. UNIT -- TEST CONDITIONS 








heey ** DC Current Gain - 1000 = GE H20V,1c=05A | 
hee ** DC Current Gain 2000 20000 = Voe =20V, 1c =1.0A 
VcBO Collector to Base Voltage 50 60 70 V lc = 1.0 mA, le = 0 
VCEO Collector to Emitter Voltage 50 60 70 V lc = 10mA, Ree =o 
ton Turn On Time 0.5 Ms 
; fIc= 1.0 A, ig, = ~!p9=1.0mA 
tstg Storage Time 3.0 us | 
te Fall Time 1.0 us ha eee CY 
ICBO Collector Cutoff Current 10 wA Vop=40V, le =O 
VCEl(sat) "* Collector Saturation Voltage 1.5 Vv lc =1.0A, lp=1.0mA 
VBE(sat) Base Saturation Voltage 2.0 V Ic =1.0A, lp =1.0mMA 


** Pulsed /PW=350 us, Duty Cycles 2 % 


Classification of hre2 






2000 to 6000/4000 to 12000} 10000 to 20000 | 


Test Conditions: Vceg = 2.0 V, Ic =1.0A 
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NEC 


ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


I 
hina om oo oO 


PT—Total Power Dissipation—W 
ho 





50 100 150 
Tz ~Ambient Temperature — °C 


o 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 








2SD1491 





25 °C} 


DERATING CURVE OF SAFE 


OPERATING AREA SAFE OPERATING AREA 
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BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


DC CURRENT GAIN vs. 





> 
VOLTAGE COLLECTOR CURRENT Le, sight F ; 
| = BiH Vce=2.0 Vj 2. —— Ic/Ip= 1000 
4] Pulsed oS & | | Pulsed 
<= 16 =e | 
; =~ 
, 5 2s 
z i ae 
= c ae 
z mo 
5 583 
= 8 8 L 
3 l =o 
Oo WJ oOo 
| Le 1 | 
oe) <= = 
7 at = 
1 a An 
| 001002 005 01 02 O58 10 20 50 10 mf in 0.1 10 2.0 
0 1.0 2.0 3.0 40 5.0 Ic Collector Current —A a Ic Collector Current—A 
Vce—Collector to Emitter Voltage—V 
SWITCHING TIME (t,,, tstg, te) TEST CIRCUIT 
CURRENT 
VIN WAVE 
Ll 
PW COLLECTOR 
| 7. CURRENT — 
PW=+50 us Veap>-5V WAVE 


Duty Cycle=2 % 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


® Low Collector Saturation Voltage 


The 2$D1513 is designed for use in driver and output stages of 
audio frequency amplifiers. 


VCE(sat) : 0.20 V TYP. (Ic =1.0 A, Ip = 10 mA) 


=~ © High DC Current Gain 


hee : 350 TYP. (Vce = 2.0 V, Ic = 100 mA) 
@ High Total Power Dissipation Py : 0.75 W (Tg=25 °C) 
® Complementary to The NEC 2SB1068 PNP Transistor 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ............. —55 to +150 °C 


Junction Temperature 


Maximum Power Dissipation (Ta = 25 °C) 





150 °C Maximum 


Total Power Dissipation ...........:. o» O75 W 
Maximum Voltages and Currents (Ta = 25 C) 
Vecso Collector to Base Voltage .......... 20 V 
VcEo Collector to Emitter Voltage........ 16V 
VeBo Emitter to Base Voltage ........-. 6.0 V 
lc(oc) Collector Current ....... ech aia ah, 
lc(pulse) Collector Current ...........25: 3.0A 
*PW =10 ms, Duty Cycle =50 % 
ELECTRICAL CHARACTERISTICS (Tz = 25 0) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. 

heey | DC Current Gain - 135 350 a 650 

hFE2 DC Current Gain 100 

fT Gain Bandwidth Product 100 200 

Cob Output Capacitance 28 

IcBo Collector Cutoff Current 100 

leBo Emitter Cutoff Current 100 

Vee Base to Emitter Voltage 550 600 650) 

VCE(sat)1 Collector Saturation Voltage 0.20 0.40 

VCE(sat)2 Collector Saturation Voltage 0.23 0.50 

VCE(sat)3 Collector Saturation Voltage 0.26 0.50 

V BE (sat) Base Saturation Voltage 0.95 | 





= EE St Or a ee es ee 


Classification of hfe 





Test Conditions: Voge = 2,0 V, lo = 100 mA 
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UNIT 


MHz 


NPN SILICON TRANSISTOR 


2SD1513 





PACKAGE DIMENSIONS 


in millimeters {inches) 


5.2 MAX. 
(0.204 MAX.) 







5.5 MAX. _ 
{0.216 MAX.) 


12.7 MIN 
(0.5 MIN.) 


3 
zs 
= un 
wy 
aie 

1. EMITTER EIAJ : §C-436 

2,COLLECTOR JEDEC : To-92 

3. BASE IEC : PA33 


TEST CONDITIONS 
VcE = 2.0 Vic = 100mA 
Vce=2.0V,IC=15A 
Voce = 10V,le =50mA 
Vcp = 10 V, ig = 0, f = 1.0 MHz 
Vcop = 16V,le=0 
Veg =6.0V,Ic=0 
VceE =6.0 V,Ic =5.0mA 
Ic = 1.0 A, lp =10mA 
lc =1.5A,lB=75mMA 
Ic = 1.54, 1g =20mA 
Ic = 1.5 A, lp = 75mA 

















NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
12 
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COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE 


Ic — Collector Current—A 
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Voce —Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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lc Collector Current—A 


SAFE OPERATING AREAS (TRANSIENT 
THERMAL RESISTANCE METHOD) 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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2SD1513 





COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE 


Ic - Collector Current—mA 





Vce— Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


Ic —Collector Current—A 
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COLLECTOR TO BASE VOLTAGE 
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DESCRIPTION The 2SD1579 is a darlington transistor including a dumper diode 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 

Maximum Temperatures 
Storage Temperature 
Junction Temperature 

Maximum Power Dissipation (Tz = 25 C) 
Total Power Dissipation 


ELECTRICAL CHARACTERISTICS (Ta = 


SYMBOL 


ICBO 
ICER 
ICEX1 
ICEX2 
lEBO 


VCE (sat) 
VBE (sat) 


F 


ELECTRON DEVICE 





at E-C., 


It is suitable for, general driving use, such as hammer, solenoid, 


lamp or motor. 


~ ® High DC current gain. 
~ @ High current capability, wide ASO and low collector saturation 


voltage. 


® Includes a dumper diode at E-C. 
® A complementary pair with NEC's 2SB1093. 


Vero Collector to Base Voltage 
Vceo Collector to Emitter Voltage 
Vespo Emitter to Base Voltage 
lc Collector Current (DC) 
Ic Collector Current (Pulse)* 
lp Base Current (DC) 
*PW <=300 us, Duty Cycle = 10% 


CHARACTERISTIC 


DC Current Gain 

DC Current Gain 
Turn-On Time 

Storage Time 

Fall Time 

Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 
Collector Cutoff Current 


Emitter Cutoff Current 


Collector Saturation Voltage 


Base Saturation Voltage 


Gain Bandwidth Product 


Classification of hres 
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pee eee ee 


4000 — 10000 | 


Test Conditions: VcgE = 2.0 V, Ic =1.0A 








ee 


—55 to +150 °C | 
150 °C Maximum 


Maximum Voltages and Currents (Ta = 25 °C) 


 * * 2 & © * oo 8 & @ 


PPrPPp<cc 


NPN SILICON DARLINGTON TRANSISTOR 





23S 





D1579 





——_—-——- 


PACKAGE DIMENSIONS 


in millimeters (inches) 


7.0 MAX 


1.2 
(0.275 MAX.) (0.047) 
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1. Emitter (E) 
2. Collector (C) 
3. Base (8B) 


—_ ee eee —E——EEEeE——EE 


TEST CONDITIONS 


| VceE=2.0V, lc =O0.5A 
Vee =2.0V, lc =1.04 
Ic=1.0A,R_=502 
lp1 = —!p2= 1.0 mA, Vcc = 50 V 
see Test Circuit / 
Veep =80V,le=0 
Vce = 80 V, Reg =51 2, T,= 125°C 
VceE = 80 V, VBE (off) = —1.5 V 
Vce = 80 V, Vee (oft) = —15 V, Ta = 125°C 
Veep =5.0V,lc=0 


ic = 7.0 A, ip =1.0mA 


Vee =10V,le=—-1.0A 





NEC ELECTRON DEVICE 2 S D 1 2 7 9 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. | | COLLECTOR CURRENT vs. COLLECTOR 
AMBIENT TEMPERATURE SAFE OPERATING AREAS be teed AL eee 


I¢-Collector Current—A 
lc Collector Current—A 


P7—Total Power Dissipation —W 
a ol eee an 3 





Ta—Ambient Temperature —‘C ae -Collector to ane Voltage—V VCcE- Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. COLLECTOR BASE AND COLLECTOR SATURATION 
CURRENT VOLTAGE vs. sta east seasibina CURRENT 
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NPN SILICON TRANSISTOR 


2SD1581 


NEC 


ELECTRON DEVICE 

























DESCRIPTION The 2SD1581 is designed for general-purpose applications re- 
quiring High DC Current Gain. PACKAGE DIMENSIONS 
This is suitable for all kind of driving or muting. in millimeters (inches) 
7.0 MAX. Be. 
FEATURES ® High DC Current Gain and good heg linearity. reise at a | 
~ hee =800 to 3 200 (@ Voce =5.0 V, Ic = 500 mA) | : 3 : re | 
® Low Collector Saturation Voltage. 2 Of Ft. 
VcElsat) =0.22 V TYP. (@Ic =1.0 A, Ig =10 mA) 0840. 3 8g 2 oF 
e High VeRO ; VeBo =15V — | salt 
@ High Total Power Dissipation : Py =1.0 W,(@T,=25 °C) (0.024) ree Ee 
(0.024) of | 
ABSOLUTE MAXIMUM RATINGS ow) | ns 
Maximum Temperatures an 055701 
Storage Temperature ..........4..- —55 to +150 °C (0.067) rT | (6-067) es (0.022) 
Junction Temperature ........... +150 °C Maximum Pa 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation. .........---.000.8 1.00 W re) 
° 1. Emitter =) 
Maximum Voltages and Currents (Tg = 25 C) 9 Collector 
Vepo Collector to Base Voltage. ......... 7 30 #V rate 
Vceo Collector to Emitter Voltage......... 25 V es Sa ee ee, ee: 
Vepo Emitter to Base Voltage............ 15 V 
lc Collector Current (DC)............. 20 A 
Ic Collector Current (pulse)*” .......... 3.0 A 


*PW = 10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
CHARACTERISTIC 





TEST CONDITIONS 


———$_<$_—$—__—_—___.—.. 





SYMBOL 


DC Current Gain 

DC Current Gain 

Gain Bandwidth Product 
Output Capacitance 


IcBO Collector Cutoff Current 


'EBO 
VBE Base to Emitter Voltage 
VCE (sat) 
VBE (sat) 


Emitter Cutoff Current 


Collector Saturation Voltage 


Base Saturation Voltage 


Classification of hee, 













L 
1200 — 2400 







2000 — 3200 









Test Conditions: Vcge = 5.0 V, Iq = 500 mA 
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VCE = 5.0 V, ic = 500 mA 

Voce =5.0V,1C¢=2.0A 

Voce = 10 V, Ie =—500 mA 
Voce = 10 V, le = 0, f = 1.0 MHz 
Veg =30 V, le =0 
Vegp=10V,Ic=0 

Vce = 5.0 V, Ic = 100mA 

Ic =1.0A, lB =10mA 

Ic =1.0A,l—B=10mA 








NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


SAFE OPERATING AREAS (TRANSIENT 
THERMAL RESISTANCE METHOD) 
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200 m 
Ic —Collector Current —A 
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Vce —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





Vee —Base to Emitter Voltage—mV 
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COLLECTOR AND BASE SATURATION 
= VOLTAGE vs. COLLECTOR CURRENT 


2SD1581 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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I¢ —Collector Current. 





0 2 4 6 8 10 12 14 16 18 20 
Vc_e —Collector to Emitter Voltage —V 


DC CURRENT GAIN ves. 
COLLECTOR CURRENT 


= ———— 


hee -DC Current Gain 
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I¢ —Collector Current —A 





GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


F-Vce=1 
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ft —Gain Bandwidth Product ~MHz 
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2SD1581 NEC ttectron vevice 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 





Cob —Output Capacitance —pF 


Vcp—Collector to Base Voltage —V - 
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NPN SILICON TRANSISTOR 


2SD1582 


NEC 


ELECTRON DEVICE 






PACKAGE DIMENSIONS 


in millimeters (inches) 






DESCRIPTION The 2SD1582 is designed for general-purpose applications re- 
quiring High DC Current Gain. 


This is suitable for all kind of driving or muting. 


7.0 MAX. 1.2 
: ‘ MAX.) 0.047 
FEATURES ® High DC Current Gain and good he¢¢ linearity. e rita Lala ( ) 





sé 
- hee =800 to 3200 (@ Veg =5.0 V, Ic =300 mA) Ss e, 
. @ High Voltage and Wide “SOA”. Dae, | $3 
= ac low 
Vceo =50 V, Vego = 15 V 20 O31): iS NS) aS 
® Low Collector Saturation Voltage. + 








Vee (sat) 20.17 V TYP. (@I¢ =500 mA, Ig =5.0 mA) 0.004) HW log+0.1 
® High Total Power Dissipation : Py = 1.0 W (@T,=25 °C) TTT I 0.024) 
ABSOLUTE MAXIMUM RATINGS [ies 
Maximum Temperatures : | 17-4 L7 = 
storage Temperature 2.0.5.2. 22 22a es — to +150 C (0.067) | f ee xe 
Junction Temperature ............- +150 C Maximum Gee), | 
Maximum Power Dissipation (T = 25 °C) Liisa > on 
Total Power Dissipation ............2...05. 10 W + Eeiincer “e © 
Maximum Voltages and Currents (Tg = 25 “C) 2.Collector ~ 
Vero Collector to Base Voltage....... waa VOW AE Poe 
Vceo Collector to Emitter Voltage...... 7... 50 V 
Vepo Emitter to Base Voltage............ 15 V 
lc Collector Current (DC). ............ 10 A 
Ic Collector Current (pulse)*........... 1.5 A 
*PW = 10 ms, Duty Cycle = 50% 
ELECTRICAL CHARACTERISTICS (Tz = 25 °C) | 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
hee1 —-— DC Current Gain 800 ~ 1500 3200 = VcE = 5.0 V, Ic = 300 mA 
hee> DC Current Gain 400 — Vce =5.0V, 1c =1.0A 
fy Gain Bandwidth Product 150 250 MHz Vee =10V, le = —500 mA 
Cob Output Capacitance 16 30 pF Vcp= 10V, le =0,f = 1.0 MHz 
lcBo Collector Cutoff Current 100 nA Yep =60 V, lp =0 
lEBO Emitter Cutoff Current 100 nA Vegp=10V,Ic=0 
VBE Base to Emitter Voltage 600 630 700 mV Vce = 5.0 V, lc =100mA 
VCE (sat) Collector Saturation Voliage 0.17 0.30 V Ic = 500 mA, Ip = 5.0 mA 
VBE(sat) Base Saturation Voltage 0.80 12 V Ic = 500 mA, Ip = 5.0 mA 















Rank Mi 
| Range 800—1600 | 1200—2400 


Test Conditions: Vcg = 5.0 V, Ic = 300 mA 








561 


29501582 NEG ELectron device 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREAS (TRANSIENT COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE THERMAL RESISTANCE METHOD) COLLECTOR TO EMITTER VOLTAGE 
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I¢ —Collector Current —A 





aad 7 
wee eT 
; Sec aan maT 
0.01 0.02 0050.1 02 05 1020 5.0 1.0 
I¢ —Collector Current —A 
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VBE—Base to Emitter Voltage—mV 


VCE(sat)—Collector Saturation Voltage—V 
VBE(sat)~ Base Saturation Voltage —V 
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IWEGG Eectron DEVICE 28SD1582 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


i 10 Q pa wh pt : 


SSS ome 





Cob—Output Capacitance —pF 


1 2 5 10 20 50 100 
Vcp—Collector to Base Voltage—V 
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NEC 


ELECTRON DEVICE 








/ NPN SILICON POWER TRANSISTOR 


2S3D1585 





DESCRIPTION The 2$D1585 is an NPN general purpose transistor designed 
for use in audio frequency power amplifier. 
FEATURES @ Easy mount by eliminating Sheet and Bushing. 


® Complementary to the 2SB1094. 


ABSOLUTE MAXIMUM RATINGS = 


Maximum Temperatures 


Storage Temperature ............ —55 to +150 °C 
Junction Temperature .......... 150 °C Maximum 
Maximum Power Dissipations 
Total Power Dissipation (Tz=25°C).... 2.0 W 
Total Power Dissipation (Tp =25°C).... 15 W 
Maximum Voltages and Currents (Ta = 25 °C) 
VcBo Collector to Base Voltage ..... 60 V 
VcEO Collector to Emitter Voltage... 60 V 
VERO Emitter to Base Voltage ...... 7.0 V 
Icioc) Collector Current(DC) ...... 30 A 
IC(pulse) Collector Current (Pulse)” .... SO A 
IB (pulse) Base Current(DC) ......... 0.6 A 


* PW =10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL ~ CHARACTERISTIC 
DCCurrentGain si 
DC Current Gain 40 
Gain Bandwidth Product 

Output Capacitance 

Collector Cutoff Current 

Emitter Cutoff Current 

Collector Saturation Voltage 


Base Saturation Voltage 


**Pulsed: PWS 350 us, Duty Cycle= 2% 


Classification of hres 


[Rank | | M | 
Range | 401080 | 60 to 120 


Test Conditions: Voge = 5.0 V,Ic¢=0.5A 


| 100 to 200 








PACKAGE DIMENSIONS 


in millimeters (inches! 


10.5 MAX. 
(0.413 MAX.) 


47 MAX 
(0 185) 





| Base 
2? Collector 
3, Emitter 





TEST CONDITIONS 


Vce = 5.0 V, Ic = 50 mA 

Vce =5.0V,1c=0.5A 
Vce=5.0 V, 1c =0.1A 

Vep= 10 V, le = 0, f= 1.0 MHz 
Vcp = 60 V, Ile =0 

VepR= 7.0 V, Ic =0 

Ic=2.0A, lp=0.2A 
Ic=2.0A, lp=O0.2A 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


| | 






—W 





Py —Total Power Dissipation 





= 


100 125 150 175 





0 nO 75 


Ta~ Ambient Temperature — ‘C 


TRANSIENT THERMAL 
RESISTANCE 


0.1 
0.001 0.01 0O.1 
PW —Pulse Width—s 





Rth— Transient Thermal Resistance — °C/W 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 

107-3 - = 





| Baill | cil | | 
0.01002 0.050.102 05 102.0 5.0 10 
lc —Collector Current— & 


o° 
— 


VCE(sat)— Collector Saturation Voltage - V 
VBE(sat)~ Base Saturation Voltage — V 


"0 


l¢—Collector Current— A dT- Percentage of Rated Current 


ft —Gain Bandwidth Product —MHz 





100 


80 





DERATING CURVE OF SAFE 
OPERATING AREA 






25. 50 75 100 125 
T. —Case Temperature — °C: 


150 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 





Vce —Collector to Emitter Voltage —V 


GAIN BANDWIDTH PRODUCT vs. 





Ic —Collector Current—A 


ic Collector Current—A 


hee —DC Current Gain 


Cob— Output Capacitance — pF 





2SD1585 





FORWARD BIAS SAFE OPERATING 
AREA 











Single Pulse 
——T TT “"T 

} ms iG 

10 —— eH = 


=e (pulse) MAX. 





Vce—Collector to Emitter Voltage-V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





10 
Ic -- Collector Current— A 


OUTPUT CAPACITANCE vs. 


“50 10 20 50 
Vcp—Collector to Base Voltage—V 
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EF 






NPN SILICON POWER TRANSISTOR 


2SD1586 





ELECTRON DEVICE 








DESCRIPTION The 2SD1586 is an NPN general purpose transistor designed | 
for use in Audio frequency amplifier. PACKAGE DIMENSIONS | 


in millimeters (inches) 


FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 
® Complementary to the 2SB 1095. 


on 108 MAX 
ABSOLUTE MAXIMUM RATINGS as z < 


[co 278)| | | 





Maximum Temperatures 





Storage Temperature............ —55 to +150 °C | os 
Junction Temperature ........ .. 150°C Maximum ve 
Maximum Power Dissipations no 
Total Power Dissipation (Tg=25°C).... 2.0 W 
Total Power Dissipation (Tg = 25°C) .... 20 W 
Maximum Voltages and Currents (Ta = 25 C) 
VcBo Collector to Base Voltage..... 100 ° #V 
VcEO Collector to Emitter Voltage... 100 V 
VeEBO Emitter to Base Voltage...... 7.0 V 
Icioc) ~— Collector Current (DC) ...... 40 A (0.03) 
IC(pulse) Collector Current (Pulse)* .... 6.0 A ‘ot “( ‘0 
pipe) Base Current(DC) ......... 0.6 A ss (01) 
“ PW= 10 ms, Duty Cycle = 50 % | Base 
2 Collector 
3 Emitter 





UNIT TEST CONDITIONS 
hee** DC Current Gain | “ 0 }§©=—— Vee ™ 5.0V,I¢=0.5A 

fT Gain Bandwidth Product . MHz Vce =5.0V,Ic=0.1A 

lcBo Collector Cutoff Current | Vcop = 100 V, lp = 0 


lEBO Emitter Cutoff Current Vep=7.0V,Ic=0 


VcE(sat)** Collector Saturation Voltage | Ic=3.0A, Ip=0.3A 


VBE(sat)** | Base Saturation Voltage : Ic=3.0A, lp=O0.3A 





**Pulsed: PW = 350 us, Duty Cycle= 2 % 


Classification of hee 











M 


40 to 80 


K 


100 to 200 













60 to 1 20 


Test Conditions: Vce = 5.0 V, Ic=O0.5A 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


PT —Total Power, Dissipation —W 


Ic —Collector Current— A 


I¢--Collector Current—A 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





0 075.100 125 150 175 
Ta—Ambient Temperature — °C 


FORWARD BIAS SAFE OPERATING 
AREA 
100 


TOM 


Vce—Collector to Emitter Voltage — V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 
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Vce—Collector to Emitter Voltage —V 





2SD1586 


DERATING CURVE OF SAFE 
OPERATING AREA 


a5 
“0 





dT — Percentage of Rated Current — 


100 150 
Tc —Case Temperature — °C 


TRANSIENT THERMAL 
RESISTANCE 
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Rth~ Transient Thermal Resistance —°C/W 


PW —Pulse Width—s 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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2SD1586 NEC ttectron vevice 





BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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NEC 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


= 


The 2SD1587 is an NPN general purpose transistor designed 
for use in audio frequency amplifier. 

@ Easy mount by eliminating Insulation Sheet and Bushing, 

® Complementary to the 2SB1096. 


ABSOLUTE MAXIMUM RATINGS» 


Maximum Temperatures 


Storage Temperature............ —55 to +150 °C 

Junction Temperature .......... 150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Tz3=25°C).... 2.0 W 

Total Power Dissipation (Te = 25°C) .... 25 Ww 


Maximum Voltages and Currents (Ta = 25 C) 


Vcso Collector to Base Voltage..... 200 V 
VcEO Collector to Emitter Voltage... 150 V 
VeBo Emitter to Base Voltage ...... 5.0 V 
lcioc) Collector Current(DC) ...... 20 A 
Ic(puise) Collector Current (Pulse)” . . eG A 
IB(DC) Base Current(DC) ......... 10 A 


*PW = 10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL 


CHARACTERISTIC.‘ MIN. TYP. MAX. UNIT 


DC Current Gain 
Gain Bandwidth Product MHz 


Collector Cutoff Current 


Emitter Cutoff Current 


Collector Saturation Voitage 


**Pulsed: PW < 350 us, Duty Cycle < 2 % 


Classification of hee 


L 





| 60 to 120 


Test Conditions: Vce = 10V, Ic =04A 


NPN SILICON POWER TRANSISTOR 








2SD1587 


PACKAGE DIMENSIONS 


in millimeters (inches) 





' Base 
, Collector 
3, Emitter 





TEST CONDITIONS 
VcE=10V,I¢=0.4A 
Vee =10V, I1c=0.4A 
Vcp = 150 V, Ig =0 
Ven =4.0V,lc=0 
Ic = 500 mA, Ig = 50 mA 
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2SD1587 


TYPICAL CHARACTERISTICS (Ta = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P7-—Total Power Dissipation—W 





0 ey, 100 2~=©~-—«150 
Ta—Ambient Temperature —°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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VCE(sat)~ Collector Saturation Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
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VceE— Collector to Emitter Voltage—V 
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COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


I¢—Collector Current -mA 
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ELECTRON DEVICE 





NPN SILICON DARLINGTON POWER TRANSISTOR 


DESCRIPTION The 2SD1589 is NPN silicon epitaxial darlington transistor design- 
ed for pulse motor driver, printer driver, solenoid driver. 
FEATURES @ Easy mount by eliminating Insulation Sheet and Bushing. 
saa ia ® Collector to Emitter Reverse Diode is built-in. 


— 


® Low Collector Saturation Voltage, 
® Complementary to 2SB1098. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature . 
Junction Temperature 
Maximum Power Dissipation (Te = 25 °C) 


Total Power | Dissipation ........ ee ee ee 


Maximum Voltages and Currents (T, =25 ~C) 


Vcso Collector to Base Voltage .. .+ 
Vcea ,_ Collector to Emitter Voltage . . 
Vesa Emitter to Base Voltage ..... 
lc(pc) Collector Current (DC) ..... 


IC(pulse) Collector Current (pulse) * 


Is(pc) Base Current (DC) 


* PW = 300 us, Duty Cycle = 10 


ELECTRICAL CHARACTERISTICS (T= 25 °C) 





SYMBOL CHARACTERISTIC 

heey DC Current Gain** 2000 6000 
hFEe2 DC Current Gain** 500 

ton Turn on Time 1.0 
tstg storage Time 3.5 
tf Fall Time 12 


VCE (sat) Collector Saturation Voltage** 
VBE (sat) Base Saturation Voltage** 
IcBO Collector Cutoff Current 


**PW = 350 ps, Duty Cycle = 2 % 


Classification of hfe, 










P Rank | M | tc | kK 
2000 to 5000 | 4000 to 10000 | 8000 to 20000 


Test Conditions: Vcgp =2.0 V,Ic=2.0A 
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2SD1589 





Se 
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PACKAGE DIMENSIONS 


in millimeters (inches) 


4.7 MAX. 
(0.185) 


10.5 MAX. 
(0.413 MAX.) 






720.2 


| | (0.276) | 








CT aR SR Se 





@ Collector 
& Emitter 
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TEST CONDITIONS 
VcE = 2.0 Vi, lc¢=2.0A 
VcE=2.0V, IC=4.0A 
I¢=2.0 A, lp1=—lpo=2.0mA 
\RL=25 2, Voc #50 V 
Ic=2.0A, 1p =2.0mA 
Ic=2.0A, |p=2.0mMA 
Vcp =100 V, lp =0 
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2SD1589 | | NEC trectron oevice 





TYPICAL CHARACTERISTICS (Tg =25 °C) 


TOTAL POWER DISSIPATION DERATING CURVE OF SAFE 
vs. CASE TEMPERATURE 


~ 9 
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COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE 
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SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 
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NPN SILICON DARLINGTON POWER TRANSISTOR 


2SD1590 


i 


ELECTRON DEVICE 












PACKAGE DIMENSIONS 


in millimeters (inches) 


ed for pulse motor driver, printer driver, solenoid driver. 


10.5 MAX. 4.7 MAX. 
(0.413 MAX.) (0.185) 







% 


FEATURES @ Easy mount by eliminating Insulation Sheet and Bushing, 






| 7+0.2 


| (0.276) 


/ 
/ 
! 
/ 





® Low Collector Saturation Voltage. 


~ | @Collector to Emitter Reverse Diode is built-in. | 
® Complementary to 2SB1099. | 


17+0.2 


DESCRIPTION The 2SD1590 is NPN silicon epitaxial darlington transistor design- [ — SS 
| 
| 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ..... ee Tee _, —55to +150°C 
Junction Temperature ............. 150°C Maximum 


Maximum Power Dissipation (Te = 25 °C) 





Total Power Dissipation ..........0.00000- 25 Ww | | 
Maximum Voltages and Currents (Ta= 25 C) | | 

Veso Collector to Base Voltage ........ — lol V | | 

VcEO Collector to Emitter Voltage ....... 100 V 2 Collector | 

VEBO Emitter to Base Voltage ae ee 7.0 V SSE” De | 

lc(pc) Collector Current (DC) ........ +8.0,-—5.0A | 

ICipuise) Collector Current (pulse) ...... +12, -8.0 A |} 

lgs(pc) Base Current (DC) ........... 0.8 A | 


“PWS 300 pe Duty Cycle 6 10%. 


ELECTRICAL CHARACTERISTICS (Tz =25 °C) 


SYMBOL CHARACTERISTIC x. TEST CONDITIONS 


DC Current Gain** 7 VceE=2.0 V, Ic =3.0A 
DC Current Gain** OC Vce=2.0 V, lc =5.0 A 
Turn-on Time 

Storage Time ( 
Fall Time ° 
Collector Saturation Voltage** : : | Ic =3.0 A, lp=3.0 mA 
Base Saturation Voltage** & Ic=3.0A, lgp=3.0 mA 
Collector Cutoff Current Vcp = 100 V, lp =0 


**PW = 350 us, Duty Cycle = 2 


Ic =3.0 A, lp1=—!lgo=3.0 mA 
RL =16.7 2, Vec =50 V 





Classification of heey 


c 


2000 to 5000 















| 3000 to 7000 


Test Conditions: Vee =2.0 V, Ic =3.0 A 













5000 to 15000 
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NV. E Cc ELECTRON DEVI CE 


Collector Saturation Voltage —V 
Base Saturation Voltage—V 


VCE (sat)~ 
VBE (sat) 


TYPICAL CHARACTERISTICS (Ta =25 °C) 


PT--Total Power Dissipation—W 


C/W 


o 


Rth(j—c) — Transient Thermal Resistance— 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 





0 25 50 75 


100 125 150 175 


Te —Case Temperature— °C 


TRANSIENT THERMAL RESISTANCE 
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PW —Pulse Width—s 
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Ic--Collector Current—A 
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DERATING CURVE OF SAFE 
OPERATING AREA 





Te —Case Temperature— °C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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2SD1590 a NEC ELEGTRON DEVICE 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 
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ELECTRON DEVICE 





DESCRIPTION The 2SD1591 is NPN silicon epitaxial darlington transistor design- 
ed for pulse motor driver, printer driver, and solenoid driver, 
FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 


® High DC Current Gain. 


® Low Collector Saturation Voltage. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ............... —55to +150 °C 
Junction Temperature .............. 150 °C Maximum 
Maximum Power Dissipation (Tc. = 25 °C) 
Total Power Dissipation .............082004 30 W 
Maximum Voltages and Currents (T = 25 ~C) 
Vcso Collector to Base Voltage ........... 150 V 
VcEO Collector to Emitter Voltage ..... ane I 
VERO Emitter to Base Voltage ......... ere Ml 
lc(pc) Collector Current (DC) ..........., +10 A 
IC(pulse) Collector Current (pulse)” .......... +20 A 
Ip(pc) Base Current (DC) ............... 1.0 A 
* PW = 300 us, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTER! STIC MIN. TYP. MAX. UNIT 
hee DC Current Gain** 1000 9000 30000 = 
ton Turn on Time 1.0 us 
tstg Storage Time 5.0) 

tf Fall Time 2.0 

VCE (sat) Collector Saturation Voltage** 1.1 

VBE (sat) Base Saturation Voltage** 1.8 

ICBO Collector Cutoff Current 


Classification of hee 


**PW = 350 us, Duty Cycle < 2% 
Pro Tw | = 
1000 to 3000 | 2000to5000 | 4000 to 10000 


Test Conditions: Vee =2.0 V, Ic =10A 

















8000 to 30000 


NPN SILICON DARLINGTON POWER TRANSISTOR 





2SD1591 





ee 5 


PACKAGE DIMENSIONS 


in millimeters (inches) 


10.5 MAX. 
(0.413 MAX.) 


47 MAX. 

(0.185) 

3.0 MAX. | 
(0.118) 







13.5 MIN. 


D Base 
®@ Collector 
@ Emitter 
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TEST CONDITIONS 
Vee = 2.0 V, ic =10 A> 
a 10 A, Igy =—lgpa=25 mA 
.RL=5.0 2, Ver +50 V 
(Ic= 10 A, Ip=25mA 
Vcg = 100 V, le =0 
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“C/W 


VCE(sat)—Collector Saturation Voltage: —V 
VBE (sat)—Base Saturation Voltage--V 


Transient Thermal Resistance 


Rth(j—c) 


2SD1591 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 


A 


PT -— Total Power Dissipation—W 
Ic Collector Current 
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Tc—Case Temperature— °C 
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FORWARD BIAS SAFE OPERATING AREA 





= Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 










Vce—Collector to Emitter Voltage—V 


hfe —DC Current Gain 
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dT - Percentage of Rated Current 
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DERATING CURVE OF SAFE 
OPERATING AREA 
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Tc Case Temperature °C 
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Ta atstmaincahb SEAMEN 
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NEC ELECTRON DEVICE . _ 2SD1 o g 1 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 


PW= 50 us 
Duty Cycles2 % 
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NPN SILICON POWER TRANSISTOR 


2SD1593 


E 


ELECTRON DEVICE 















It is suitable for use to operate from IC without predriver such as PACKAGE DIMENSIONS 
hammer driver. in millimeters (inches) | 
(0.813 MAX.) ciel 
eee ; ice 3.0 MAX. 
FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 7+0.2 (0.118) 


== @ High DC Current Gain : hee = 800 to 3200 
® Low Collector Saturation Voltage : Veej(sar) = 0.5 V MAX. 
(@ Ic/lp =27.0 A/20 mA) 


ABSOLUTE MAXIMUM RATINGS 





DESCRIPTION The 2SD1593 is High hee and Low Vcg (cat) transistor. | oo 
| 






Maximum Temperatures lz 
| | zo 
Storage Temperature..... ns oe ee ees —55 to +150 °C oi 
Junction Temperature ............. 150 °C Maximum 7 


Maximum Power Dissipation (T,. = 25 "Cl 
Total Power Dissipation...... er 


Maximum Voltages and Currents (T, = 25 °C) 





Vcso Collector to Base Voltage ........ = oo. ¥ 

; @ Collector 
VcEo Collector to Emitter Voltage....... 60 V @ Emitter | 
VeRO Emitter to Base Voltage.......... 70 V | _ | | 
Ic(ipc) Collector Current (DC)........... 3.0 A 
ICiputse) Collector Current (pulse)”......... 5.0 A 
lgipc) Base Current (DC).............. 05 A 


* PW = 300 ws, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 







SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNIT TEST CONDITIONS 








a 















heey DC Current Gain** 800 3200 * VcE=5.0V, IC =0.5A 

hfe? DC Current Gain** 500 | — Vce=5.0V,I¢=3.0A 

f+ Gain Bandwidth Product 110 MHz Vce=5.0V, 1c =0.1A 

Cob Output Capacitance 50 pF Vcp = 10V, Ile =0, f = 1.0 MHz 
VCE (sat) Collector Saturation Voltage** 0.5 V Ic = 2.0 A, lp = 20mA 

VBE (sat) Base Saturation Voltage** 1.2 V Ic = 2.0 A, lp =20mA 

IcBO Collector Cutoff Current 10 LA Vcp =60V, le =0 

lEBO Emitter Cutoff Current 10 wh VeEB=7.0V,Ic=0 





** PW < 350 us, Duty Cycle < 2% 


Classification of hee, 


Rank: 
Range 800 to 1600 1000 to 2000 


Test Conditions: Vcg = 5.0 V, Ic = 0.54 












1600 to 3200 | 
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VcE(sat) Collector Saturation Voltage—V 


NEC tcectron vevice 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


Power Dissipation W 


PT — Total 


.Transient Thermal Resistance— °C/W 


Rth(j-c) 


i ag —Base Saturation Voltage—V 






0.001 


O01 


TOTAL POWER DISSIPATION 
vs. CASE TEMPERATURE 





25 50 75 100 125 150 


Tc—Case Temperature— °C 


TRANSIENT THERMAL 
pee Le 
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PW —Pulse Width—s 
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BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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Veg —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


I¢ —Collector Current—A 





(c 2 4s 6-8 
Vce—Collector to Emitter Voltage—V 


10 12 


GAIN BANDWIDTH PRODUCT 
1000. vs. COLLECTOR CURRENT 
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Ic —Collector Current—A 


dT - Percentage of Rated Current—% 
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hee —DC Current Gain 
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OPERATING AREA 
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NPN SILICON POWER TRANSISTOR 


2SD1594 
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ELECTRON DEVICE 














DESCRIPTION The 2SD1594 is High hee and Low V¢_ (qt) transistor.  acuabuear | 
It is suitable for use to operate from IC without predriver such as PACKAGE DIMENSIONS 


2 “ in millimeters (inch 
hammer driver. in millimeters (inches) 


10 4.7 MAX. 


5 MAX. 
(0.413 MAX.) (0.185) 





{3.0 MAX. 
(0.118) 





7+0.2 


| | (0.276) | | 






FEATURES .._ ® Easy mount by eliminating Insulation Sheet and Bushing. 
~ @ High DC Current Gain : hee = 800 to 3200 
® Low Collector Saturation Voltage : Vegj{sat) = 1.0 V MAX. 
{@ Ic/lp = 3.0 A/30 mA) 


ee ee ee 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Femperature............ _...—55 to +150 °C 
Junction Temperature ae, arti en 18 SS. a aid _. 150°C Maximum 


Maximum Power Dissipation (T, = 25 °C) 








Total Power Dissipation ...........602e08% 30 W | 
Maximum Voltages and Currents (Tg = 25 °C) | 
_ 
Vcso Collector to Base Voltage........ S, 100. V 
a (2) Collector 
VcEoO Collector to Emitter Voltage....... 100 V 3 Emitter 
VEBO Emitter to Base Voltage .......... 7.0 %V a 
lc(pc) Collector Current (DC)........... 60 A 
lcipulse) Collector Current (pulse)"......... 10 A 
Isipc) Base Current (DC)...... bee cae ee “E 


* PW = 300 us, Duty Cycle < 10 % 


ELECTRICAL CHARACTERISTICS (T, = 25 “C) 





SYMBOL CHARACTERISTIC MIN, TTP: MAX. UNIT TEST CONDITIONS 












heey” DC Current Gain 800 3200 — Vee =5.0V,1e¢=1.0A oe 
hees** DC Current Gain 500 — Voce = 5.0 V, Ic = 3.04 

fT Gain Bandwidth Product 110 MHz Vee =5.0V, 1c =0.1A 

Cob Output Capacitance 100 pF Vcep = 10 V, Ie = 0, f = 1.0 MHz 
VCEl(sat)”” Collector Saturation Voltage 1.0 V Ic = 3.04, |p =30mA 
VBEl(sat)”* Base Saturation Voltage 1.2 V Ic = 3.0 A, lp =30mA 

IcBo Collector Cutoff Current 10 uA Vcp = 100 V,l—e=0 






lEBO Emitter Cutoff Current 10 vray VerRm =7.0V, Ic =0 





** PW <= 350 us, Duty Cycle = 2 % 


Classification of hee; 


Cae [wa 
800 to 1600 1000 to 2000 | 


Test Conditions: Vee = 5.0 V, Ic =1.0A 












1600 to 3200 
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TYPICAL CHARACTERISTICS (T, = 25 ‘C) 


TOTAL POWER DISSIPATION FORWARD BIAS SAFE . 
pidlcdhen - DERATING CURVE OF SAFE 
vs. CASE TEMPERATURE | OPERATING AREA OPERATING AREA 


iw 
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& 20 5 : 
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o § | a 
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bt | | ae 
- | ai : 
0 25 50 75 100 125 150 175 = | ff | a 
T~—Case Temperature—°C 1.0 10 100 1000 } | ; 
Vee —Collector to Emitter Voltage—V Te —Case Temperature— °C 
> COLLECTOR CURRENT vs. 
TRANSIENT THERMAL COLLECTOR TO EMITTER DC CURRENT GAIN vs. 
7 RESISTANCE VOLTAGE COLLECTOR CURRENT 
1000 ea (— — 
2 =e ty VCE=10 ¥ 10000 - 
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a 100 a= 
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2? 0.001 0.01 1 100 1000 ee aes ar 
= ae oie ides | ¢—Collector Current— 
or 0 2 4 6 68 10 12 


Vce—Collector to Emitter Voltage—V 


BASE AND COLLECTOR GAIN BANDWIDTH PRODUCT OUTPUT CAPACITANCE vs 
SATURATION VOLTAGE ve vs. COLLECTOR CURRENT ec Z 
COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
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VBE(sat)!C= 200-lg i 





Coh—Output Capacitance —pF 





VCE(sat) ~ Collector Saturation Voltage—V 
sald Base Saturation Voltage—V 





f7—Gain Bandwidth Product —MHz 


ad HC gat Loe 
0.02 SSeaviiiesesaii 
0.01 1 10 | 100 
Fs Collect Current—A Ic —Collector Current—A Veas Collector to Base Voltage—V 
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NPN:SILICON DARLINGTON POWER TRANSISTOR 


2SD1595 


E 


ELECTRON DEVICE 


















DESCRIPTION The 2SD1595 is NPN silicon epitaxial darlington transistor design- | ; 
PACKAGE DIMENSIONS 


ed for pulse motor driver, printer driver, solenoid driver, 


| in millimeters (inches) 
10.5 MAX, 4.7 MAX. 
(0.413 MAX.) (0.185) 


FEATURES ® Easy mount by eliminating Insulation Sheet and Bushing. 
=~ ° ® Zener Diode between Collector and Base for Absorbing Surge 








Voltage is built-in. 
® Reverse Diode between Collector and Emitter is built-in. 


® Low Collector Saturation Voltage. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ........-....-- —55 to +150 ai 
Junction Temperature ............. 150°C Maximum 


Maximum Power Dissipation (Tc = 25 °C) 





Total Power Dissipation ............0... 20 W 
Maximum Voltages and Currents (Ta = 25 °C) "7 

VcBo Collector to Base Voltage ........ 60+ 10 V : Pe iicokas 
VcEo Collector to Emitter Voltage ...... 60+ 10 V * @ Emitter 
VERO Emitter to Base Voltage ......... 70 WV 

lc(ipc) Collector Current (DC) ......... +5.0 A 

Ic(pulse) Collector Current (pulse)” ....... +10 A 

Isipc) Base Current (DC) ...........:. O05 A 





* PW = 300 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL CHARACTERISTIC ; wy ’ TEST CONDITIONS 


“ee: DC Current Gain** 000 VcE=2.0 V, Ic=2.0A 
NFE2 DC Current Gain** VceE = 2.0 V, Ic =4.0 A 


ton bite Pane I6=2.0 A, Ig, *—Igo=2.0mA 
tstg Storage Time : ( RL=25 2, Voc=50 Vv 

tf Fall Time : 

VCE (sat) Collector Saturation Voltage* * ; Ic=2.0A, lp=2.0mA 

VBE (sat) Base Saturation Voltage** Ic=2.0 A, lp=2.0mA 

ICBO Collector Cutoff Current 1. U Vcp =40 V, lp =0 


= * DW < 350 us, Duty Cycle S 2% 





Classification of heey 
« 
2000 to 5000 


Test Conditions: Vcp=2.0 A, IC =2.0A 

















4000 to 10000 | 8000 to 20000 | 
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NEC ELECTRON DEVICE 2SD1595 





TYPICAL CHARACTERISTICS (T, =25 °C) 





TOTAL POWER DISSIPATION DERATING CURVE OF SAFE 
vs. CASE TEMPERATURE OPERATING AREA FORWARD BIAS SAFE OPERATING AREA 

2 : | | 

= 
c 

e o Se ee 

s = < iii 

= a | | aaan 

g 3 F OE z 

z : é 

= 6 5 

oO ns ac 

o Bo a 
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3 e 8 

e o 
a oO 

lig ay 7 Th 

Ly | | | | rae oor LU oT LU 
0 25 50 75 100 125 150 175 = 





Te—Case Temperature °C Tc —Case Temperature— °C VcE— Collector to Emitter Voltage—V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 


TRANSIENT THERMAL RESISTANCE COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 


a Ae Vi 90 Vy 

fo a [eat taie ft?) tuaeti cE= 
pag Sask Loe sa = at Pulse Test 

Ing e ulse : 

0 ra - 


o 


Te SiS fll ope 


A 


100 = 


10 Si 


tad a 


Hh Hie 
= oat Coney SES i 
manna! r Bareii 


alg ae Sen wii a 





l¢—Collector Current— 
Ra 


Transient Thermal Resistance 





| amine 
PIT fo 





| | i 
= i 0 5 0.01 0.02 0.050102 05 1 2 5 10 
y 
) an Guiiiait | 
r4 0.001 i , 10 100 “1000 VcE-—Collector to Emitter Voltage—V lc—Collector Current—A 
a PW—Pulse Width—s 
N VOLTAGE BASE SATURATION VOLTAGE 
oO EOLLECTOR CURRENT vs COLLECTOR CURRENT 


aes Soi ees I¢=1000-lg | 
Pulse Test 





VBE(sat)Base Saturation Voltage—V 


01. 02 O58 1 2 5 10 
I¢—Collector Current—A I¢—Collector Current—A 


VCEfsat)~Collector Saturation Voltage—V 


585s 


2SD1595 NE w ELECTRON DEVICE 





SWITCHING TIME (ton, tet, te) TEST CIRCUIT 


RL=25 0 
| MSA =“ 
Bl... o 
- 7 + = : IB2 
| | eae aS | = 
me : 3 IR? es =5O V 
PW ae 


PW+50 us 
Duty Cycles2 % 
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NPN SILICON TRANSISTORS 


2$SD1616, 2SD1616A 





NEC 


ELECTRON DEVICE 












PACKAGE DIMENSIONS 


in millimeters 


output stages of AF amplifier, general purpose application. 


a 


DESCRIPTION The 25D1616/2SD1616A are designed for use in driver and | 
| 


FEATURES ® Low Collector Saturation Voltage. | 
Vce(sat) = 0.15 V TYP. (@ Ic = 1.0A, lp = 50 mA) 
— @ High Break Down Voltage. 
Vceo = 50 V/60 V (2SD1616/2SD1616A) 


®@ High Total Power Dissipation. : Pr = 0.75 W (T, = 25 °C) 
® Complementary to the NEC 2SB1116/2SB1116A PNP Transis- 
tor. 


Maximum Temperatures 





ABSOLUTE MAXIMUM RATINGS 
| 
| 


Storage Temperatures. as eee eee sk ke ee FHS —55 to +150 °C 
Junction Temperature ...........0 000 eee uees 150°C Maximum 
Maximum Power Dissipation (T, = 25 °C) 
Total Power Dissipation .. 0... ee ew ee eee es OFEW 
Maximum Voltages and Currents (T, = 25 °C) 2SD 1616/2SD1616A 
Vepo Collector to Base Voltage ............... . - 60 V/120 V | 
Vceo Collector to Emitter Voltage.............. 50 V/60 V minaret res Hon 
Vego Emitter to Base Voltage .............008-. 6.0 V 3. Base lEC : PA33 
Ic Collector Current (DC) .......... eee ee 10A oe 
le Collector. Current (pulse)” ............5-% 20A 
*PW = 10 ms, Duty Cycle = 50 % 
ELECTR ICAL CHARACTERISTICS (Ta = 25 °C) 2SD1616/2SD1616A 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
| heeq* DC Current Gain 135 600 - VYcEe= 2.0V, Ic = 100 mA 
hres "* DC Current Gain 81 _ Vce=2.0V, IC =1.0A 
fT Gain Bandwidth Product 100 160 MHz Vce = 2.0 V, lc = 100 mA 
| Cob Output Capacitance 19 pF Vcp = 10 V, le = 0, f = 1.0 MHz 
IcBo Collector Cutoff Current 100 nA Vcp =60 V/120 V, Ip =0 
lEBO Emitter Cutoff Current 100 nA Veg =6.0 V,Ic=0 
Vee** Base to Emitter Voltage 600 700 mV Vee = 2.0 V, Ic =50mA 
VCE(sat)** Collector Saturation Voltage 0.15 0.3 V Ic = 1.0 A, lp = 50mA 
VBElsat)"" Base Saturation Voltage 0.9 1.2 Vv Ic =1.0A, lp = 50mA 
ton Turn-On Time 0.07 Ms /Vec = 10 V, Ic = 100 mA‘ 
| tstg Storage Time 0.95 us lp1 =—lpoa=10MA 
ty Fall Time 0.07 us \ VBE (off) = —2t0O3 V 


**Pulsed PW =350 us, Duty Cycle <2 % 


Classification of hee 





135to270 | 200t0400 300 t0600 


Test Conditions: Vcge * 2.0 V, lq = 100 mA 





Ss7 


2SD1616,2SD1616A 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


L2y; 





T 
= 
i 
o 
Ww 
= 
a 
= 
o 
a. 
g 
o 
7 
- 
a. 
Tg—Ambient Temperature —“C 
COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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GAIN BANDWIDTH PRODUCT vs. 
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1000 —— 

7 000 —— ee Ween a0 ¥ 
= | 
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f>—Gain Bandwidth Product- 


0.01002 0050102 051 2 5 10 
I¢ — Collector Current—A 
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SAFE OPERATING AREAS 
(TRANSIENT THERMAL RESISTANCE 
ee 


Ic Collector Current—A 
I¢ ~Collector Current ~mA 





Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CU BRENT 


VBE(sat)~ Base Saturation Voltage—v 


0.01002 000102 05 1 2 5 10 


le- Collector Current--A 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 


; Ip=0 
f=1.0 MHz 


© + +4 +3 ——___+—__ 2 ot mee 


_ eect) 


++ 4+ 





tsy Switching Time us 


50 100 
Vep-—Collector to Base Voltage ~-V 


VceE(sat) Collector Saturation Voltage —V 


Pw it, G ELECTRON DEVICE 





COLLECTOR Cu 
COLLECTOR | T 


RARENT vs. 
EMITTER VOLTAGE 





0 2 4 6 8 10 
Voce —Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURA- 
TION VOLTAGE vs. COLLECTOR 







CURRENT _ -_ 
of | 
LU UE | a 
1 BESO sasisianMadai? 
wael — a — t . im pan 
os oor 
eaiiiasee ttt ot 

Hit ae aT] 


fe aah op 
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Trt 
01 eT ee | 
0010.02 0.05 01 02 05 1 2 5 10 
I¢~ Collector Current—A 


SWITCHING TIME vs. 
COLLECTOR CURRENT 





| (TT) Veg=10 ¥ 
ae ig = 10-igi = — 10-igp 
| | | WBE(Of1) —ZW3V 
—— Duty ojele 2 % 
a a sto 
- SE | a 
: ‘ | * | 7 4 rT : . a T rT 
| | | — 0 Cee ee 
01 SSS — te 
mu oe - eeasie. ae a 
0.054 a. ston one 
O01 0.02 008 OT 0.2 05 1 
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ELECTRON DEVICE 








DESCRIPTION The 2SD1617 is a Low Vee(sat}_ transistor which has a 
large Current Capability and Wide ASO. 
It is suitable for driver of solenoid or motor, or electronic 
flash, 
® Low Collector Saturation Voltage. 


FEATURES 


NPN SILICON TRANSISTOR 


mA VecElsat) = 0.20 V TYP. (@ I¢/Ig = 2.0 A/0.2 A) 


@ Large Current. 
Ic(pc) = 3.0 A, Ic(pulse) = 5.0 A 
®@ High DC Current Gain. : 


hee = 300 TYP. (@ Vee = 2.0 V, Ic = 1.0 A) 


@ High Total Power Dissipation. 


:P7 =1.0W 


® Complementary to the NEC 2SB1117 PNP Transistor. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ......... ees ee 


Junction Temperature ......... 008 ee eee 
Maximum Power Dissipation (T, = 25 °C) 


Total Power Dissipation ...........0005 re 


Maximum Voltages and Currents (T, = 25 °C) 


Vcpo Collector to Base Voltage ......... ihe die Gets 
Vceo Collector to Emitter Voltage.......... 
Vepo Emitter to Base Voltage............-. 
Ic Collector Current (DC) ............. 
Ic Collector Current (pulse)* ........... 


*PW = 10ms, Duty Cycle =50% 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
_ CHARACTERISTIC MIN. 





SYMBOL 


hee.” DC Current Gain 135 
| hegeo** DC Current Gain 81 
| ft Gain Bandwidth Product 100 
Cob Output Capacitance 
IcBo Collector Cutoff Current 
lEBO Emitter Cutoff Current 
Vee"* Base to Emitter Voltage 
VcElsat)1** Collector Saturation Voltage 
VCE(sat)2*™ Collector Saturation Voltage 
VBE(sat)** Base Saturation Voltage 
ton TurrOn Time 
tstg Storage Time 
ty Fall Time 


**Pulsed PW <350 us, Duty Cycle $2 % 
Classification of hee, 

[Rank | ct [| kK [ vi | 
135to270 | 200to400 | 300to600 





Test Conditions: Vcge = 2.0 V, Ic =1.0A 


2S ee 





2SD1617 





PACKAGE DIMENSIONS 


in millimeters 


_7.0 MAX. 








ee — 
* 


12.0 MIN. 





| 
| 
| 
| 1. Emitter 


2. Collector | 


‘TEST CONDITIONS 
VoE=2.0V, Ic =1.0A 
VcE=2.0V, Ic =2.0A 
Vee =5.0V, le =-1.0A 
Veg = 10V, Ie = 0, f= 1.0 MHz 
Vcp =40V, lp =0 
Veg =6.0V, Ic =0 
Vee =2.0V,Ip=01A 
Ic =2.0A,lp=O0.2A 
Ic =3.0A,Ip=03A 
Ic =2.0A, 1p =0.2A 
/Vec = 10V, le = 500 mA 

Ip1 =—!po=50mA 
\VBEloff)=—2to3 Vo / 


\ 
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TYPICAL CHARACTERISTICS (Tz = 25 °C) 


SAFE OPERATING AREAS 
TOTAL POWER DISSIPATION vs. (TRANSIENT THERMAL RESISTANCE COLLECTOR CURRENT vs. 


AMBIENT TEMPERATURE METHOD) COLLECTOR TO EMITTER VOLTAGE 


1.2 : = 
_Duty peeSe % . 500 9.0 mA 











Bt ee 


-_ —}-- 


ie mA 
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l¢—Collector Current —mA 


P7--Total Power Dissipation —W 
o 
Ic Collector Current-A 


0 25 50 75 100 125 150 | . 
T,—Ambient Temperature—'C 1 2 5 10 20 50 oo 2 -« 68 10 
VceE— Collector to Emitter Voltage—V 





Voge —Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. DC CURRENT GAIN vs. BASE TO EMITTER VOLTAGE vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 


—j—__}—4 r ri = oo 8 bbw 
HE VCE= 
® — torte 
ee - 
a ’ Bhage . La 









——T + 


hee—DC Current Gain 
° 
o 


| | 
10) | Ett eet 
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Ic ~Collector Current—A 


Ic Collector Current—A 


Ic —Collector Current—A 








0 oa 08 i216 2.0 Veep Base to Emitter Voltage V 


Voce Collector to Emitter Voltage —V 


BASE AND COLLECTOR SATURA- 


TION VOLTAGE vs. COLLECTOR OUTPUT CAPACITANCE vs. 


GAIN BANDWIDTH PRODUCT vs. 
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ELECTRON DEVICE 









DESCRIPTION The 2$D1630 is a darlington transistor built-in a zener diode at 
B-C and a dumper diode at E-C. 
It is suitable for use to operate from IC without predriver, such 
as hammer driver. 

FEATURES. ® High DC Current Gain. 


® Built-in a Zener Diode at B-C and a Dumper Diode at E-C. 
® Low Collector Saturation Voltage. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature............. —55 to +150 °C 

Junction Temperature ........... +150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Tz = 25°C) ..... 1.0 W 

Total Power Dissipation (Tp = 25°C) ..... 10 W 
Maximum Voltages and Currents (Ta = 25 C) 

Vcso Collector to Base Voltage ..... 60+10 V 

VeEeoO Collector to Emitter Voltage-..60+10 V 

VERO Emitter to Base Voltage ...... 7.0 V 

lc(pc) Collector Current .......... +10 A 

lCfpulse) 4 Collector Current .......... +20 A 


* PW =10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL 





CHARACTERISTIC _ 











hee, ** ‘DC Current Gain 10000 © = 
hres ** DC Current Gain 2000 30000 = 
VcBO Collector to Base Voltage 50 60 70 V 
VCEO Collector to Emitter Voltage 50 60 70 io 
ton Turn On Time 0.5 us 
| tstg Storage Time 1.0 is 
ty Fall Time 1.0 Ms 
 IeBo Collector Cutoff Current 0.5 MA 
lEBO Emitter Cutoff Current 1.0 mA 
| VCElsat) ~* Collector Saturation Voltage 1.5 Vv 
VBElsat) ~* Base Saturation Voltage Vv 





2.0 


** Pulsed /PWS 350 us, Duty Cycles 2% 


2000 to 5000 |4000 to 1000/8000 to 30000) 


Test Conditions: Vege = 2.0 V, Ic = 0.5A _ 


Classification of hres 












NPN SILICON DARLINGTON POWER TRANSISTOR 





\Ipq =—Ipo=0.5mA, Vcc = 50 V 





2SD1630 





a ea ee ei er ee 


PACKAGE DIMENSIONS 


in millimeters (inches) 









8.5 MAX. ; 

(0.334 MAX.) 2.8 MAX. 
8 $ 3.2+0.2(¢ 0.126) eda vias § 
=e ie oe g 
| itr So 
of a|= 3. 
+) =|= = 
00 ojn a 
: 3\8 : 
= — rm] 
_ 
“= 










0.5529.98 
(0.021) 


2540.2 

(0.098) 

13.0 MAX. 
(0.512 MAX.) 





| 1,2 
3353 (0.047) 


1. Emitter 
{$42} 2. Collector connected 
to mounting plane 
3. Base 
2(C) 
id 






Ry=20kQ Ri 


Ro=1.4 kQ \(E) 


| 
| 
| 
| 
| 
| 
| 


‘TEST CONDITIONS 
Vee = 2.0 V, Ic = 0.2 A 

Voce =2.0V, IC =0.5A 

Ic = 1.0mA, Ip =0 

Ic = 10 mA, Rpg =00 


sic = 0.5 A, RL = 100 2 


Veg = 40V, Ie =0 
Veep =5.0V, Ice =0 
Ic = 0.5A, lp=0.5mA 
Ic =0.5A, 1p =0.5mA 
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2SD1630 NEC tcectron evice 





TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. DERATING CURVE OF SAFE SAFE OPERATING AREA 
- Tt +4 = ————j_ Single Pulse 


f= rear 13" |e ————— TTT 
‘C(pulse) MAX. | meee 


> AMBIENT TEMPERATURE | OPERATING AREA 


Ic —Collector Current—A 





“7 gg: 5B 40 26 450 LOO 





Py7—Total Power Dissipation—W 
d7—Forward Bias SOA Derating —% 








0 50 100 150 Vee —Collector to Emitter Voltage—W 
Tz ~Ambient Temperature—“*C Tc Case Temperature— °C 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 
GOLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT = VOLTAGE vs. COLLECTOR CURRENT 
) | 100000 ——= 2 —— ee wD 
| = Ee VcE =2.0 V | oo > —=— Fe lo IB 1000 
x TT Pulsed . = @ . Cerri Ut os 
— & 4 s a eS tit) | =e Tit 
ec tt c— | 
2 o os 
5 = 2 
oO @ 5 6 
3 = a © 
3 : 32 
3 : =3 
| uJ = 3 
2 co aca 
|_| | 
: : |] i | Lit | Ltt oS | meee | | 1] 
0 10 20 3.0 4.0 50 6.0 0.01 0.1 1.0 10 — 0.1 0.2 05 10 2.0 5.0 10 
Voe—Collector to Emitter Voltage —V lc —Collector Current-A a Ic Collector Current—A 


SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 





y BASE _ 
IN CURRENT 
| WAVE 
ome 
L.| 
CURRENT 
PW=50 us Vege -5V WAVE 





Duty Cycle=2 % 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 











The 25D1691 is a Low Vee (sat) transistor which has a large current 


capability and wide SOA. 


It is suitable for DC-DC converter, or driver of solenoid or motor. 


® Low Collector Saturation Voltage. 
VcE (sat) = 0.1 V TYP. (@ Ic/Ig = 2.0 A/0.2 A) 
® Large Current. ; 
Ic(pc) = 5.0 A, Ic(putse) = 8.0 A 
® High Total Power Dissipation : P+ = 1.3 W 
® Complementary to 2SB1151. 


ABSOLUTE MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL 


& 


VCE (sat) * 
VBE(sat)"* 
NFEV” 
hre2** 
hee3** 
ICBO 
'EBO 

ton 

Tstg 

ty 


Maximum Temperatures 


Storage Temperature................ ~—55 to +150 °C (0.031) 
Junction Temperature ............. +150 °C Maximum | 


Maximum Power Dissipations 


Total Power Dissipation (Tz = 25°C) ........ 
Total Power Dissipation (Tg = 25 °C) .. = ie 
Maximum Voltages and Currents (Ta = 25 °C) 

Vcpo Collector to Base Voltage. ........ 
Vceo Collector to Emitter Voltage... 

VeRO Emitter to Base Voltage.......... 
lc(oc) Collector Current .........2-005- 
IC(pulse) Collector Current*.............. 
Ig(pc) Bae? GUIONT ania 6 4 ae ado ae daw 


*PW = 10 ms, Duty Cycle s 50 % 


CHARACTERISTIC 
Collector Saturation Voltage 
Base Saturation Voltage 

DC Current Gain 

DC Current Gain 

DC Current Gain 

Collector Cutoff Current 
Emitter Cutoff Current 
Turn On Time 
Storage Time 
Fall Time 


** PW = 350 us, Duty Cycle = 2% 


Classification of hres 
Tron [mM | 
[Range | 100%0200 | 160%0520 | 20010800 


Test Conditions: Ver = 1.0 V, In =2.0A 













5.0 


NPN SILICON POWER TRANSISTOR 





2SD1691 


PACKAGE DIMENSIONS 


in millimeters (inches) 









8.5 MAX. 
(0.334 MAX.) Oey ee 
| St | a 
| cw | A fe: Ls 
+. =|= sar 
|. 33 o ~ oT 
. Sic H 
oe 
cr | 
| a= 
] o 
B= | 0.5553:38 
aS mlis (0.021) 
=o 





1.2 
(0.047) 


. Emitter 

Collector connected 
to mounting plane 
Base 


N= 


fol 








TEST CONDITIONS 

Ic =2.0A,ipzr0.2A 

Ie =20A4, lp =0.2A 
VcE=1.0V, IC =0.1A 
Vce=1.0V, Ic =2.0A 
Voce =1.0V, ic =5.0A 
Veep = 50V, le =0 
Vep=7.0V, Ic =0 


(‘c = 2.0 A, Ig, =—Ip2=0.24 
\RL =5.09, Vcc =10V 
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2SD1 691 NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (T, = 25 C) 



















TOTAL POWER DISSIPATION vs. DERATING CURVE OF 
AMBIENT TEMPERATURE xe SAFE OPERATING AREA SAFE OPERATING AREA 

25 ay ° 5 T 

= ne 
= 

= = 100K f 
2& 20 2 | =f 
g 2 : 
3 3 80] = 
6 15,--— E eo 
ee — o 
© 10 8b 3 
3 c 40 ° 
2 o o 
s. 5 ao 20 0.2 
o. 

13-7 ' i 3 | | | | “| _ Pt | 

0 50 100 150 200 0 50 100 150 200 10 2.0 40608.010 20 406080100 
T,—Ambient Temperature—°C T,z—Ambient Temperature *C Vee ~ Collector to Emitter Voltage V 
: COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
REVERSE BIAS SAFE COLLECTOR TO EMITTER COLLECTOR TO EMITTER 
OPERATING AREA VOLTAGE VOLTAGE 
10r = si : oO 











Ic —Collector Current ~ A 


I¢ —Collector Current—A 
Ic Collector Current- “A 





| 100 0 04. O8 12 16 20 0 10 20 «= 330—”té«iS~<CS 
Voce Collector to Emitter Voltage —V Vce—Collector to Emitter Voltage~ V Vce~-Collector to Emitter Voltage—V 


COLLECTOR AND BASE 








RESISTANCE OO DC CURRENT GAIN vs, > SATURATION VOLTAGE vs. 
> | nt 7 sl COLLECTOR CURRENT 
a SS St Vce=10V op > 10 S22 SS === as 
oO 500-—- Hit + ie =0.1 A sie =! sbestimenanmese erie 
| aaa dh, oe ee Duty Cycles 1 ag o ta + tpt tt tt t aest 
? = i pao ns Sy oe => Li ‘ Lt sobfe 4. 
3 se H 1000 c = 3.0 ‘ 
§ 100 E 2s : 
aes © 300} ss SSS ees 
TI a) Gal — B mail = : oe 
X90 Ce CEE : 8 8 Ee 
Ls] | i i j a ~§ — O.3 t 
q CL | 5 100 
5 OSS aie S §8 }+H 
- - Tut oe oy 
= oust: ene aan seine reset meas: Q = % 01 
| ' : | Baill de Tint a ri 30 Ps o 
£ 2 = 4#_i—h tit —_ = i - min z= i + + rill —i— tt al a ' | + 
oc 1 | en | Pe 2003 | Lirint__ry 
100m 200m500m1 2 5 10 20 50 100 200 500100 10; $f tot batt So Slime 
PW—Pulse Width—ms aareasee ' sie ier rT til 6A | | 
aa a aa See ao a ae 
0.01 003 0.1 O23 1.0 3.0 10 Fe 003 0.1 0.3 10 3.0 10 


I¢ —Collector Current—A l¢ —Collector Current—A 
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NEC _ NPN SILICON DARLINGTON TRANSISTOR 
ELECTRON DEVICE 
| 2SD1692 














DESCRIPTION The 25D1692 is a darlington transistor built-in dumper diode | PACKAGE DIMENSIONS 
at E-C. | in millimeters (inches) 
It is suitablé for use to operate from IC without predriver, such 85 MAX. | 


: 2.8 MAX. 
as hammer driver. (0.334 MAX.) 















¢ 3.2£02(¢ 0.126) 
FEATURES ® High DC Current Gain. = H—T,5¢ 
= @ Low Collector Saturation Voltage. be 
® Built-in a dumper diode at E-C. x3 
® High Power Dissipation: Py = 1.3 W (at Ta = 25 °C) 2 a> 
ABSOLUTE MAXIMUM RATINGS ae me 
Maximum Temperatures “Ss 
OEM] 0,8 F008 
Storage Temperature..............—55to+150°C (0.031) 3323 
Junction Temperature ........... 150 °C Maximum (0.090) (0.090) 
Maximum Power Dissipations 2(C) 
Total Power Dissipation (Tz = 25 | or 13 W | 
Total Power Dissipation (Tp = 25°C) 7.1... 15 W | 38) 1, Emitter (E) 
Maximum Voltages and Currents (Tg = 25 °C) - 3. Base (8) = 
VcsBo Collector to Base Voltage......7.150 V R1 Ro 
Vceo Collector to Emitter Voltage...... 100 V R= 7.0 ko 1(E) 
VeRO Emitter to Base Voltage......... 8.0 V Eaters he : | 
leipc) Collector Current ...........4.. +3.0 A - | 
lc(pulse)* Collector Current .......... raw A 


“PW =10ms, Duty Cycle =50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 








SYMBOL CHARACTERISTIC nes | : TEST CONDITIONS 
hee1** Dc Current Gain | a | Vor =2.00V,ICc=1.5A : 
heeo** DC Current Gain VceE=2.0V, IC =3.0A 
ton Turn On Time 5 /\o=1.5A,R, = 272 

tstg Storage Time 2. lpi =—Ip2=1.5mMA, Veco = 40 V 
ty Fall Time 2 Test Circuit. 

IcBo Collector Cutoff Current Veg = 100 V, ig =0 

lEBO Emitter Cutoff Current : Veg =5.0V,Ic=0 
| VCE(sat)"" Collector Saturation Voltage 0. Ic =1.5A, lp =1.5mA 
| VBE(sat)"* Base Saturation Voltage 7.5 Ic =1.5A,lg=1.5 mA 





** Pulsed /PW 3 350 ws, Duty Cycle = 2% 


Classification of hee, 


al A SS 
2000 to 5000 | 4000 to 10000 | 8000 to 20000 


Test Conditions: Vee =2.0V, Ic =1.5A 
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2SD1692 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING CURVE OF SAFE 


TOTAL POWER DISSIPATION vs. 
OPERATING AREA 


AMBIENT TEMPERATURE 
25 : ~ 













— 
o 
oOo 


oo 
= 


| : 


f 
o 


Ic Collector Current—A 


P7—Total Power Dissipation ~ WwW 
ho 
= 


dT~Forward Bias SOA Derating— % 
S 


Kh 

S 

a 
Se 


50 100 150 
T,~Case Temperature —"C 


Ta ~Ambient Temperature —°C 


COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER 
VOLTAGE 


TRANSIENT THERMAL 
RESISTANCE 





PW—Pulse Width—s 


Oo 

o 5.0 

— 

iam 

= 

ats 

uk 

re [= 

tc <x 4.0 a 

7 ~ ia 
— 

E 5 : 

= 3 : 

© . = 

® = S 

0 ® i 

= | 8 rn 

; sits C2 Lie 

| 5 Nl = 

oe =e 

os 

—_= 

as 

iY 


2.0 3.0 5.0 
Veg — Collector to Emitter Voltage—V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


Duty Cycles2 % 


(sat) 


VBE(sat)~ Base Saturation Voltage—V 





VCE 


I¢ —Collector Current—A 
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[ 

on 

Pe) 

re 

> 

= R, 100 ¢» ¢ 

= BASE 

Ss its oo oo in VIN CURRENT 
S } ieee WAVE 

wv") a | = 

g lea 

a coger 
i PW=50 us Vap=-5V WAVE 


NEC ELECTRON DEVICE 





FORWARD BIAS SAFE 
OPERATING AREA 


, fiotoulse) =a 
Ic(pc) —_—_ TSS 





Voce Collector to Emitter Voltage—V 


DC CURFRENT GAIN vs. 
COLLECTOR CURRENT 


I¢ Collector Current—A 


SWITCHING TIME (ton, tstg, tp) TEST CIRCUIT 












NPN SILICON DARLINGTON TRANSISTOR 


2SD1693 


NEC 


ELECTRON DEVICE 





| PACKAGE DIMENSIONS 
in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 


$ 3.2+0.2(¢ 0.126) 
| 


DESCRIPTION The 2SD1693 is a darlington transistor built-in a zener diode at 
B-C and a dumper diode at E-C. 
It is suitable for use to operate from IC without predriver, such as. 28 MAX. 
(0.11 MAX 








FEATURES ® High DC Current Gain. 
= ® Built-in a Zener Diode at B-C and a Dumper Diode at E-C. 


3.8+0.2 (0.15) 


® Low Collector Saturation Voltage. 
® High Power Dissipation: Py = 1.3 W (at Ta = 25 °C) 
ABSOLUTE MAXIMUM RATINGS 





(0.472 MAX.) 





| 12.0 MAX. | 








6 3.2+0.2 (¢ 0.126) ~ 


hammer driver. 
| 





/ 







Maximum Temperatures 2\< 
| _ = = lou 0.55288 
Storage Temperature .........2. 002005 —55to +150 C olin (0.021) 
Junction Temperature ..........05- 150 °C Maximum = 
Maximum Power Dissipations | 
—_ 1.2 
Total Power Dissipation {Tg=25°C) ...... 1.3 W (0.047) 
Total Power Dissipation (Te =25 C)...... 1S W  Egiieiee 
Maximum Voltages and Currents (Tz = 25 °C) 2. Collector connected 
~ to mounting plane 
VcBo Collector to Base Voltage .....+. 60110 V . Base 
a(C) 
Vceo Collector to Emitter Voltage..... 60410 V * 
Vepo Emitter to Base Voltage ...... 7 8.0 60CUV 
lcioc) Collector Current ............ +3.0 A 
lc(putse}* Collector Current ............ +50 A 


* PW < 10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


TEST CONDITIONS 
Vce =2.0 V, Ic =1.5A 
Vce=2.0V, Ic =3.0A 
Ic =1.0 mA, Ie =0 


MIN. 
2000 
1000 


Collector to Base Voltage 50 


CHARACTERISTIC 
DC Current Gain 


DC Current Gain 


SYMBOL 
NFe1** 
hFe2*” 
VcBO 
VCEO 


ton 


Collector to Emitter Voltage 50 lc = 10 mA, Reg = °° 
Turn On Time 
c= 1.5A, RL =27 2 


tstg Storage Time 


| t¢ Fall Time 

IcBo Collector Cutoff Current 

| 'EBO 

| Voe(sat)** 
VBE(sat)** 


Emitter Cutoff Current 
Collector Saturation Voltage 


Base Saturation Voltage 


** Pulsed / PW <= 350 us, Duty Cycle < 2 % | 
Classification of heey 


| Range | 2000 to 5000 | 4000to 10000 | g000 to 20000 | 


Test Conditions: Veg = 2.0 V. Ic =1.5A 












\IB1 = -Ig2=1.5mA, Voc = 40 V 


Vcop =40V, lp =0 
Veg =5.0V, lc =0 
Ic =1.5A,lp=1.5mA 
Ic =1.5A, lp=z1.omA 
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2SD1693 | ; NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 








TOTAL POWER DISSIPATION vs. DERATING CURVE OF SAFE FORWAR 
TT D BIAS 
AMBIENT TEMPERATURE OPERATING AREA OPERATING cee. 
25 ee: 

7 x 
6 20 00 
= c 
o = 
a © 
@ 15 3 
a) 
. S 
E a, 
2 10 He 
r 2 
rE 5 = 
: 2 
O. rs 

0  §0 4.1100 ~ 150 200 ‘5 

Ta—Ambient Temperature 'C T.- Case Temperature—“C Voce Collector to Emitter Voltage—V 
COLLECTOR CURRENT vs. 
TRANSIENT THERMAL COLLECTOR TO EMITTER DC CURRENT GAIN vs. 


RESISTANCE VOLTAGE . COLLECTOR CURRENT 





PW—Pulse Width—s 


= 
o 
” : 
o 5.0 
S 
un 
3 
or < 4.0} 
E < 
[ak] | 
E 5 30 
= oo 
= 4 
a _ 
rr 2.0 
Z 2 | LY 
= | a | | a Ag Se 
| | 10 || ip=50 uA ee 
oO = 7 _ ASA T | 
= | | | 
em 
Li 


0 1.0 2.0 3.0 4.0 5.0 0.01 0.1 1.0 10: 


Vee- Collector to Emitter Voltage—V Ic Collector Current—A 
BASE AND COLLECTOR SWITCHING TIME (ton, tstg, te) TEST CIRCUIT 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 











> 

e 00 Ser io 1000-1p 

ar OL 

| |_| bhi ee! 

© & —_| | 

5% IN CURRENT . Bl 
= 10 {Le WAVE Ia 
5.2 

oo 

ne | 

. ‘i ae ont I 
+ Of) —_ ¢. | 

8 @ 1.0 eH : oe eee PW=50 us Vep> oY WAVE = 

i a Ty =e < o t t ; t 
yA Sst: Sets, ots: anol fe 
so CLC TT Ti Ti 

a Yet | ) 

TT 
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l¢—Collector Current—A 
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NPN SILICON POWER TRANSISTOR 


235D1694 


NE 


ELECTRON DEVICE 















DESCRIPTION ~The 25D1694 is High hee and Low Vee jeg) transistor. 
It is suitable for use to operate from IC without predriver, such as 


PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX. 
(0.334 MAX.) 


2, 
¢ 3.2+0.2(¢ 0.126) rt stoi 
; C1! a 


"i 







hammer driver. 





FEATURES ® High DC Current Gain : hee = 800 to 3200. 
= @ Low Collector Saturation Voltage. 
Voce (sat) = 0.4 V MAX. (@ I¢/Ig = 2.0 A/20 mA) 


® High Total Power Dissipation : P7 = 1.3 W 







3.8+0.2 (0.149) 





(0.472 MAX.) 





3.20.2 (60.126) 


ieee a 


ABSOLUTE MAXIMUM RATINGS 














Maximum Temperatures | nore) < < | 
Storage Temperature ....... 0000 e eee —55 to +150 °C | = ~ apes 
Junction Temperature ......... ... «+150 °C Maximum ‘[@L20 “|e 
Maximum Power Dissipations | et 
Total Power Dissipation (Tg= 25°C) ........ 13° W ] 
Total Power Dissipation (Tp = 25°C) ........ 20 W 
Maximum Voltages and Currents (Ta = 25 °C) - | 
VcBo Collector to Base Voltage ......... 60 V 
VcEO Collector to Emitter Voltage....... 60 V 1. Emitter 
VeBo Emitter to Base Voltage ......... - 7 & ¥ * conpetaman cde tg 
lcioc) —- Collector Current ............4. 3.0 A | as | 
lcisuisdt * Collector CUNENE cacace ss coves BO A | | 
lp(pc) Base Current ......-e2c0ee0e2+. OFF A 
*PW = 10 ms, Duty Cycle = 50% 
ELECTRICAL CHARACTERISTICS (Tz = 25 °C) 
SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNIT TEST CONDITIONS 
hFe1** DC Current Gain _ 700 1400 Ve =5.0V, 16 = 50mA 
heeo** DC Current Gain 800 1500 3200 oa Vee =5.0V, Ic =0.5A 
hFeE3** DC Current Gain 500 1200 — Vee =5.0V, 1c =3.0A 
ton Turn-On Time 0.9 2.0 us Rebar claedows 
tstg Storage Time 2.6 4.0 us 7 @ a 2, Ver ay 
ty Fall Time 1.0 2.0 Ms 
VCE(sat) Collector Saturation Voltage 0.2 0.4 V Ic = 2.0 A, lp = 20mA 
VBE (sat)”* Base Saturation Voltage 0.85 1.2 V Ic = 2.0 A, lp = 20 mA 
ICBO Collector Cutoff Current 10 A Vcp =60V,le=0 
lEBO Emitter Cutoff Current 10 WA Veg =5.0V, Ilr =0 
ft Gain Bandwidth Product 100 250 MHz Vce=5.0V, lc =1.0A 


Output Capacitance Veg =10V, le =0,f=1 MHz 





** PW S 350 us, Duty Cycle = 2 % 


Classification of hrez 


800 to 1600 


Test Conditions: Vcge =5.0V, Ic =0.5A 













re 
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2SD1694 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


P+— Total Power Dissipation W 


I¢—Collector Current —A. 


VCE(sat)~ Collector Saturation Voltage —V 
VBE(sat)~ Base Saturation Voltage—V 


600 


0 50 


TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 











T,—Ambient Temperaure —°C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


Vcg Collector to Emitter Voltage—V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 





0.01 0.1 1.0 
lo- Collector Current—A 


100 150 200 





Ic ~Coliector Current~ A 





| 
| 
| 
| | 


Litt | hi 
10 2.0 5.0 10 20 50) =100 


Vcg ~ Collector to Emitter Voltage—V 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





5.0; i | 
rae] 
x | 
£ 1.0F 
=a 
oO 
ts 0.5 
3 
t 
8 0.2-+- 
| 1 
© oii 
0.05b-t— 
02 O4 06 O8 10 12 1.4 
Ver — Base to Emitter Voltage—V 
GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
1000 


8 


200 


100 


ft —Gain Bandwidth Product —-MHz 


0.01 0.02 005 O1 02 05 1.0 
Ic —Collector Current—A 


NEC ttectron vevice 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


I¢—Collector Current— A. - 








0 1.0 2.0 3.0 4.0 5.0 
Voge — Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


10000 SEE SE dy 
SSS Vce=9 V 
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7 ++ eee -+— TTT . + eee 
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10 : 2S a | | | | j 
0.01 0.1 1.0 10 


le- Collector Current— A 





DESCRIPTION 


FEATURES 


EK 


ELECTRON DEVICE 








The 28D1697 is NPN silicon epitaxial darlington transistor 


designed for pulse motor, printer driver, solenoid driver. 


se 


@ High DC current gain 


® Includes a dumper diode of E-C. 


ABSOLUTE MAXIMUM RATINGS®-- 


Maximum Temperatures 


Storage Temperature.......... 


Junction Temperature 


Maximum Power Dissipation (Tg = 25 °C) 


« 8 ” a 8 8 FF 


—55 to +150 °C 
150 °C Maximum 


Total Power Dissipation......... ee ry 1.0 W 
Maximum Voltages and Currents (Tz = 25 °C 

Vcpo Collector to Base Voltage..... 100 +=V 

Vceo Collector to Emitter Voltage... 80 -V 

Vepo Emitter to Base Voltage...... 8.0 V 

Ic Collector Current (DC)....... +0.8 A 

le Collector Current (pulse)*.... . 41.2 A 


* PW = 10 ms, Duty Cycle < 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





| SYMBOL 






hFe1"” 
hFEQ** 
ton 
‘stg 
tf 
VCE(sat)** 
VBE(sat)** 
VcBO 
VCEO 
ICBO 
lEBO 











CHARACTERISTIC 
DC Current Gain 
DC Current Gain 





Turn-on Time 

Storage Time 

Fall Time 

Collector Saturation Voltage 
Base Saturation Voltage 
Collector to Base Voltage 
Collector to Emitter Voitage 
Collector Cutoff Current 


Emitter Cutoff Current 


** Pulsed: PW < 350 us, Duty Cycle = 2% 


Classification of hegey 






4000 to 12000 











__*_d 
8000 to 50000 | 


=r 


Test Conditions: Vce =2.0 V, Ic =O0.3 A 


4000 
1000 


100 
80 


50000 

0.5 

2.5 

1.0 

0.9 iz 

1.5 2.0 
4.0 


us 
us. 
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NPN SILICON TRANSISTOR 


2SD1697 


PACKAGE DIMENSIONS 


in millimeters (inches) 












7.0 MAX. 12 
(0.275 MAX.)__—-(0.047) 
— K 
= > 
oe |< | 
; = of = | 
0.8+0.1 log NG om | 
(0.031) 2 eel OO aad) 
0. 22 
( s=| 
: oR | 
|. 0.6+0.1 st | 
. So. 
: as 5 
0.55+0.1 
(0.022) 


4.0 MAX. 
(0.157 MAX.) 


w) 
1. Emitter =, 
2, Collector 
3. Base 


a(C) 


3(B) 





1(E) 





TEST CONDITIONS 
Vee =2.0V, 1c =0.3A 
Vce=2.0V, 1c =0.8A 






/\c=0.5A 
| Ipy=—Ip2=1.0mA } 
\Wee =40V,R, = 80 2,/ 


- 








Ic=0.5A,1g=1.0mA 
Ic=0.5A, lp =1.0mA 
lc = 0.1 mA, Ie = 0 
Ic = 5.0 mA, Ip =0 
Vcop = 80V,le=0 
Vep=5.0V, Ic=a 
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25D1697 


NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


10 





Py~Total Power Dissipation—W 





0-50 100 150 200 250 
T,—Ambient Temperature—C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee-DC Current 





Ic Collector Current—A 


602 


COLLECTOR CURRENT vs. SAFE OPERATING AREA 
COLLECTOR TO EMITTER (TRANSIENT THERMAL 
VOLTAGE RESISTANCE METHOD) 









A 


Collector Current 
lc. Collector Current— A 





o 1 2 3. 4 5 
Vce- Collector to Emitter Voltage—V ae ae 

=) 10 20 50 10C 
Vee—Collector to Emitter Voltage—V 


COLLECTOR AND BASE 
DC CURRENT GAIN vs. SATURATION VOLTAGE vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 









FA At 4 
Hl ‘nee ~ 1000) | 
+t Fe Zz 


a ce — 5.0 


jh 





ee —- — 







He (sat): 





hee—-DC Current Gain 


0.010.002 00501 02 05 1 2 
lc —Collector Current—A 


ooiL_| | TUL ull 


10m20m 50ml00m20m500m1 2. 5 


VCE(sat) Collector Saturation Voltage—V 


Vee(sat)~—Base Saturation Voltage —V 


Ic Collector Current—A 


iD) 


ELECTRON DEVICE 





NPN SILICON TRANSISTOR 


2SD1698 








DESCRIPTION The 2SD1698 is NPN silicon epitaxial darlington transistor 
designed for pulse motor, printer driver, solenoid driver. PACKAGE DIMENSIONS 


in millimeters (inches) 


“is 


: 5.2 MAX. 
FEATURES ® High DC Current gain. (0.204 MAX.) 


® Includes a dumper diode at E-C. 


af 





ABSOLUTE MAXIMUM RATINGS 2 

Maximum» Temperatures 0 
Storage Temperature............. —55to+150°C - 
Junction Temperature .......... . 150 °C Maximum zz 

Maximum Power Dissipation (T, = 25 “C) a3 
Total Power Dissipation. .............. 750 mW 

Maximum Voltages and Currents (T, = 25 °C) 
Vero Collector to Base Voltage ...... 100 V 33 
VcEO Collector to Emitter Voltage.... 80 £V S 8 
VEBO Emitter to Base Voltage...... . 8O V ic 
leipc) Collector Current ........... 40.8 A 1. Emitter 
Ic(pulse). Collector Current ........ nea: . Sacha 


*PW = 10 ms, Duty Cycle = 50% 


EIAJ : SC-438 
JEQEC : ToO-92 
IEC : PASS 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


| SYMBOL CHARACTERISTIC TEST CONDITIONS 


hee.** DC Current Gain Vee =2.0V, ic =0.3 A 
hee** DC Current Gain VceE=2.0V,Ic=0.8A 
ton Turn-on Time /Ic =05A 
tstg storage Time 5 Ip, =—!poa=1.0mA 
te Fall Time \Vec = 40 V, Ry, = 80 © 
VCE(sat). Collector Saturation Voltage v Ic =0.5A4, 1p =1.0mA 
VBE (sat) * Base Saturation Voltage 5 .0 \ Ic =0.54, lp =1.0mA 
VcBO Collector to Base Voltage Ic = 0.1 mA, le =0 
VcEO Collector to Emitter Voltage Ic =5.0mA, Ip =0 


ICBO Collector Cutoff Current 1. Vcp = 80 V, l_e =0 





lEBO Emitter Cutoff Current ; if Vep=5.0V, Ic =0 


** Pulsed: PW = 350 us, Duty Cycle = 2% 


Classification of here; 


— Sy 
i Rank L | K | 
ie ee See maar 
| Range | 4000 tc 12000 | 8000 to 50000 


Test Conditions: Vcg=2.0V, Ic =O03A 
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2SD1698 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


SAFE OPERATING AREAS (TRANSIENT 
THERMAL RESISTANCE METHOD) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 






i.2| 









Free Air 
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NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. COLLECTOR 
TOE 





A 


Ic Collector Current 


oe 4 2 3 4. §& 
Vee ~ Collector to Emitter Voltage - V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


VCE(sat) Collector Saturation Voltage— V 
VBE(sat) Base Saturation Voltage—V 


1 
10m20m 50 ml100 m200m 500m 1 2 
ic- Collector Current— > 





Fe 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


te 











The 25D1700 is NPN silicon epitaxial darlington tran- 
sistor designed for pulse motor driver, printer driver, 


solenoid driver. 


@® High DC Current Gain 


Zener Diode between Collector and Base for Absorb- 


ing Surge Voltage is built-in. 


® Reverse Diode between Collector and Emitter is built- 


in. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
Storage Temperature 
Junction Temperature 


’ ££ © &© * &# & © & 


Vcpo Collector to Base Voltage ....60+10 V 
Vceo Collector to Emitter Voltage ..60+10 V 
Vego Emitter to Base Voltage..... 8.0 V 
Ic Collector Current (DC)...... +0.8 A 
le Collector Current (pulse)*.... +1.2 A 
* PW = 10 ms, Duty Cycle = 50 % 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. 
heey** DC Current Gain 4000 50000 
hEES DC Current Gain 1000 
ton Turn-on Time 0.5 
tstg storage Time 2.5 
ty Fall-Time 1.0 
VCE(sat)** Collector Saturation Voltage 0.9 1.2 
| VBE(sat)** Base Saturation Voltage 1.5 2.0 
VcRBO Collector to Base Voltage 50 60 70 
| VceO Collector to Emitter Voltage 20 60 70 
| IcBo Collector Cutoff Current 1.0 
lEBO Emitter Cutoff Current 1.0 


** Pulsed: PW = 350 us, Duty Cycle = 2% 


Classification of hee, 








Test Conditions: Veg = 2.0 V, Ic =0.5A 


—55 to +150 °C 


150 “C Maximum 

Maximum Power Dissipation (Tg = 25 C) 
Total Power Dissipation. ..........-. 

Maximum Voltages and Currents (Tg = 25 °C) 


1.0 W 


NPN SILICON TRANSISTOR 


2SD1700 


UNIT 


US. 
us 
us. 


< 


pA 
LA 











PACKAGE DIMENSIONS 


in millimeters (inches) 





7.0 MAX. 1.2 
(0.275 MAX.) (0.047) 
| re 
| | at 
‘5 Te 5e 
ea = 
% |=5 
iS ag 
5 +0.1 
22) 
iD 
uw 
1. Emitter o. 
2. Collector 2(C) 
3. Base 
3(B)o 





R=1 ko 


1(E) 


TEST CON DITIONS 
VCE = 27.0 V, Ic =0.54 
Vee =2.0V, Ic =0.8A4 


ic=0.5A 
lp1 =—!Ipoa=1.0mA 


Veco =40 V, RL =802 


Ic =0.5A, lp =1.0mA 
ic =0.5A, lp =z1.dmA 
Ic = 0.1 mA, Ie = 0 
Ic = 5.0 mA, Ip = 0 
Vep = 40 V, Ip =0 
Veg = 5.0 V, Ic =0 
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2SD1700 _ NEC ttectron pevice 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


COLLECTOR CURRENT vs. SAFE OPERATING AREA 
TOTAL POWER DISSIPATION vs. COLLECTOR TO EMITTER (TRANSIENT THERMAL 
AMBIENT TEMPERATURE VOLTAGE RESISTANCE METHOD) 
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ELECTRON DEVICE 





DESCRIPTION The 2SD1701 is NPN silicon epitaxial darlington transistor 
designed for pulse motor driver, printer driver, solenoid driver, 


a 


FEATURES ® High DC Current gain. 
® Zener Diode between Collector and Base for Absorbing 
Surge Voltage is built-in. 


® Reverse Diode between Collector and Emitter is built-in. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
—55 to +150 °C 
150 °C Maximum 


Storage Temperature 


Junction Temperature 


Maximum Power Dissipation (Ta = 25 “C) 
Total Power Dissipation 


a 2 if a a * @ a a a. LT * & # a 


Maximum Voltages and Currents (Ta = 25 °C) 


Vcso Collector to Base Voltage ...... 60+10 V 
VcEO Collector to Emitter Voltage. . ~ 60410 V 
Veso Emitter to Base Voltage ....... 8.0 V 
Ic(pc) Collector Current. ......... 408 A 
lcipuke)* Collector Current ........... 41.2 A 


*PW =10ms, Duty Cycle = 50% 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 






TYP. MAX. 


SYMBOL CHARACTERISTIC MIN. 
ees sia DC Current Gain Be 4000 50000 

hre2”- DC Current Gain 1000 
ton Turn-on Time 0.5 
tstg Storage Time 2.5 
ty Fall-Time 1.0: 
VCE(sat) ~*~ Collector Saturation Voltage 0.9 1.2 
VBE (sat) ” * Base Saturation Voltage 1.5. 2.0 
VcBO Collector Base Voltage 50 60 70 
VCEO Collector to Emitter Voltage 50 60 70 
IcBO Collector Cutoff Current 1.0 


lEBO 
** Pulsed: PWs 350 us, Duty Cycle = 2% 


Emitter Cutoff Current 





Classification of hee, 






—S ase =o 


8000 to 50000 





Range 





| 4000 to 12000 | 
Test Conditions: Vc—E=2.0V, Ic =O0.5A 






UNIT 


ps 
Ms 
us 


=< < 


uA 








Ven =5.0V, Ic =0 





NPN SILICON TRANSISTOR 


2SD1701 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 


5.5 MAX. 
(0.216 MAX.) 


== 
==s 
Pos 

ts 


42 MAX, 
(0.165 MAX.) 


1. Emitter 
2. Collector 
3. Base 
EIAJ 
JEDEC 
IEC 


: $C-43B 
: TO-92 
>: PAS3 


TEST CONDITIONS 
Vce=2.0V, 1c =0.5A 
Vee =2.0V, 1c =0.8A 








lp1 =—lpa=1.0mMA 
Veco =40V,R_ =800 





(ie 





Ic =O.5A, lp=z1.0mA 






Ic =O0.5A, lp =1.0mMmA 






lc = 0.1 mA, Ile =0 
Ic = 5.0 mA, Ig =0 
Vep =40V, le =0 
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2SD1701 


TYPICAL CHARACTERISTICS (T, = 25 “C) 


Ww 


Py — Total Power Dissipation - 


hee — DC Current Gain 
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TOTAL POWER DISSIPATION vs. SAFE OPERATING AREAS (TRANSIENT 
THERMAL RESISTANCE METHOD) 


AMBIENT TEMPERATURE 


Free Agr 


A 


Ic ~ Collector Current 


2 50 75 100 125 150 
Tg ~Ambient Temperature —°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
io sesss ees 
oe a 


ego i 


ge 


hee —DC Current Gain 


I¢—Collector Current—A 





10 20, 50 100 
Voce Collector to Emitter Voltage V 


DC CURRENT GAIN vs. 
ar clown CURRENT 





k Ls 
0.010.02 0.05 0.1 O02 o8 1 2 
le- Collector Current —A 


Collector Saturation Voltage— V 


VCE(sat) 


mA 


Ic ~ Collector Current 


“BE(sat) Base Saturation Voltage -V 


NEC ELECTRON DEVICE 





COLLECTOR CURRENT vs. COLLECTOR 
TO EMITTER VOLTAGE 





Voge Collector to Emitter Voltage—V 


BASE AND COLLECTOR SATURATION 
ener VS. Praccrmtargilcsds rhebecaba 


He 
tit VBE(sat) ae 
Es Les et || 


oa oF 











0. 
i: 
10m20m 50m1l00m200m500m 1 2 5 
Ic -Collector Current—A 
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ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


2$SD1779 









DESCRIPTION The 28D1779 is high hee transistor. 
It is suitable for use to operate from IC without predriver, 
such as hammer or motor driver. 


PACKAGE DIMENSIONS 


in millimeters (inches) 





1.2 
(0.047) 
FEATURES ® High DC Current Gain. 323 
aa hre = 800:to 3200 (@Vce = 5.0 V, Ic = 1.0 A) == 
® Wide “SOA”. mt 
Vceo =60 V, Ic(oc) = 2.0A e 
® Low Ccllector Saturation Voltage. Z5 
Vcetcat) = 0.20 V TYP. (@lc = 1.0A, Ig = 10 mA) of | 
“S| 
~—|j-0.55+0.1 
ABSOLUTE MAXIMUM RATINGS ;2¢ (0.022) 
Maximum Temperatures | = 
Storage Temperature ..........-- —55 to +150 °C — 
Junction Temperature .......... 150°C Maximum © 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation ...........0+0888: 1.00 W 
Maximum Voltages and Currents (Ta = 25 °C) ~ 1. Emitter 
| 2. Collector 
Vepo Collector to Base Voltage......... 60 V 3. Base 
Veeco Collector to Emitter Voltage....... 60 V 
Vepo Emitter to Base Voltage .......... 15 V 
Ic Collector Current (DC)........... 2.0 A 
In" Collector Current (pulse) ......... 3.0 A 


*PW =10ms, Duty Cycle = 50% 


ELECTRICAL CHARACTERISTICS (Tz = 25 ‘C) 


SYMBOL - CHARACTERISTIC | TY¥F, MAX. UNIT - TEST CONDITIONS - 

heei** DC Current Gain 1500 3200 —  VcE=5.0V,Ic=1.0A 

| hFe2** DC Current Gain _ Vee =5.0V, Ic =20A 

| IcBo Collector Cutoff Current 100 Veep = 40 V, lp =0 
lEBO Emitter Cutoff Current 100 Veg =12V,lc=0 
VCE(sat)1"* Collector Saturation Voltage 0.2 Ic =0.54, lp =5.0mA 
VCE(sat)2>~ Collector Saturation Voltage 0.3 Ic =1.0A,!p=10mA 

| VBE{sat)** Base Saturation Voltage 12 Ic = 1.0 A, lp =10mA 
ton Turn On Time Ic =1.0A4 
tstg Storage Time | — Ip1t=—lp2=10mA 

ty Fall Time RL = 202, Vcc = 20 V 





** PW = 350 us, Duty Cycle = 2% 


Classification of hee; 


fil ; ; K 
| 800 to 1600 | 1200 to 2400 | 2000 to 3200 


Test Conditions: Veg = 5.0 V, Ic =1.0A 
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2SD1779 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


SAFE OPERATING AREA | 

(TRANSIENT THERMAL METHOD) 
10 FEE Single Pulse 

Duty Cycles2 %| 

1 a | 


°C/W 


i ee 
54+ Hy 


tte(putsey MAX —1-+-- HHH} 
Basil 


[reco WaXTTIKN 


Py—Total Power Dissipation —W 
Ic Collector Current —A 











Vce—Collector to Emitter Volta 


re 
, 


COLLECTOR TO EMITTER 
VOLTAGE vs. COLLECTOR 
CURRENT 


OC CURRENT GAIN vs. 
COLLECTOR CURRENT 


D101 Sasi: 
a Se a 





SSS 


I¢—Collector Current—A 
hee—OC Current Gain 


50 
oes ait 





0.010.02 0.05 0.1 0.2 
l¢—Collector Current—A 


0.4 


0 0.2 06 08 10 
Vce—Collector to Emitter Voltage—V 
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Abba aby THERMAL 
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COLLECTOR AND BASE SATURATION 
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ELECTRON DEVICE 








DESCRIPTION The 2SD1780 is high hee transistor, built-in a zener diode at 





NPN SICICON TRANSISTOR 


2SD1780 


B-C. | PACKAGE DIMENSIONS 
It is suitable for use to operate from IC without predriver, in millimeters (inches) 


such as hammer or motor driver. 


FEATURES ® Built in 60 V Zener Diode at!B-C. 
= ® High DC Current Gain. 
hee = 800 to 3200 (@Vce =5,.0 V, lc = 1.0 A) 
@ Wide “SOA”. 
Vceo = 60+ 10 V, Icipc) = 2.0 A 
® Low Collector Saturation Voltage. 
VCE(cat) = 0.20 TYP. (@lc = 1.0 A, Ip = 10 mA) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





Storage Temperature............ —55 to +150 °C 

Junction Temperature .......... 150 “C Maximum | 5 emitter 
Maximum Power Dissipation (T3 = 25 °C) ry ot 

Total Power Dissipation .............. 1.0 W . 
Maximum Voltages and Currents (Tg = 25 yi 2 Besa . 

Vcreo Collector to Base Voltage....... 60+10 V 

Vceqo Collector to Emitter Voltage... .. 60+10 V 

Vepo Emitter to Base Voltage........ 15 V 

lc Collector Current (DC)...... ... 20 A 

Ic Collector Current (pulse) ....... 3.0 A 


*PWs 10ms, Duty Cycle <= 50% 


ELECTRICAL CHARACTERISTICS (T, = 25 "G) 







SYMBOL CHARACTERISTIC 













7.0 MAX. 
(0.275 MAX.) _ 
— . 


9.0 MAX. 
(0.354 MAX,) 


+" 


12.0 MIN, 


(0.473 MIN.) 


ty 
>< 
=i 
= 
rf 
uw 
oe) 
= 






TEST CONDITIONS 




















** PW $350 us, Duty Cycle = 2% 
Classification of hee, 


2000 to 3200 





Test Conditions: Vee =5.0V,Ilc=1.04 


LS 


VcBO Collector to Base Voltage | 50 7 60 70 V lc = 1.0 mA, Ie =0 
VCEO Collector to Emitter Voltage 50 60 70 V lc = 10 mA, Ree = co 
hepey*” DC Current Gain 800 1500 3 200) _ Vce =5.0V, 1c =1.0A 
| | = ia DC Current Gain 500 _ VceE=5.0V, Ic =2.0A 
IcBo Collector Cutoff Current 100 nA Voge =40V, le =0 
lEBO Base Cutoff Current 100 nA Vegp=12V,Ic=0 
VCE(sat)1** Collector Saturation Voltage 0.1 0.2 V Ic =0.5A4, lp =5.0mA 
| VCE(sat)2”* Collector Saturation Voltage 0.2 0.3 V lc = 1.04, lp =10mA 
VBE(sat)”* Base Saturation Voltage 0.8 1.2 Vv Ic =1.0A, lp=10mA 
ton Turn On Time 0.8 us lc =10A 
| tstg Storage Time 2.0 us lpi =—!poa=10mA 
| tf Fall Time lia RL = 202, Vec=20V 








P7—Total Power Dissipation —W 


lc —Collector Current—A 


2SD1780 NEG ctectron oevice 





TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. SAFE OPERATING AREA 
AMBIENT TEMPERATURE (TRANSIENT THERMAL METHOD) 
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0 
Vep—Collector to Emitter Voltage—V I¢—Collector Curren 


TRANSIENT THERMAL 


-—F FH Single Pulse 


Ht} Duty Cycles? % 
thew wae HT 


Li tccoc) MAX] IAN 
il 4 


| AHS 


- ad 





“Ym2m 5 m1 m20 m50 m100 m 
200 m 
PW — Pulse. Width—s 





Rth ~ Transient Thermal Resistance—°C/W 


COLLECTOR TO EMITTER 

VOLTAGE vs. COLLECTOR Dc CURRENT GAIN vs. COLLECTOR AND BASE SATURATION 

CURRENT COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 
. — 1 a —~T"T 
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tn 
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VCE(sat)~ Collector Saturation Voltage—V 
VBE(sat)~ Base Saturation Voltage—V 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


. > 
— an 











The 28D1818 is a Low Vce(sat} transistor which has a large 


current capability and wide SOA. 


It is suitable for DC-DC converter, or driver of solenoid or 


motor, 


® Low Collector Saturation Voltage. 


Vce(sat) =,0.25 V MAX. (@ Ic/Ig = 1.5 A/0.15 A) 


® Large Current 


Ic(pc) = 3.0 A, IC{pulse) =5.0A 
® High Total Power Dissipation: Py = 1.3 W 
® Complementary to 25B1217 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 


VCE (sat)”* 
VBE (sat) ** 
NFE1™" 
hFE2** 
hFE3** 
IcBO 
lEBO 


ton 
tstq 


tf 


Maximum Temperatures 


Storage Temperature. . 
Junction Temperature . 


Maximum Power Dissipations 


= 2 &# &§ &§ & 8 & BS 


a: £« 8 & & 2 & 


Total Power Dissipation (Tg = 25°C)... 
Total Power Dissipation (Tg = 25°C)... 


Maximum Voltages and Currents (Tg= 25°C) — 


VcBo 

VcEO 

VEBO 

Ic(Dc) 

lc(pulse) Collector Current” 
Ipipc) Base Current 


Collector to Base Voltage... . 
Collector to Emitter Voltage. . 
Emitter to Base Voltage ..... 
Collector Current ......... 


* & &# » #  * #* © & & & 


*PW = 10 ms, Duty Cycle=50 % 
ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


CHARACTERISTIC. 


Collector Saturation Voltage 
Base Saturation Voltage 

DC Current Gain 

DC Current Gain 

DC Current Gain 

Collector Cutoff Current 
Emitter Cutoff Current 


Turn On Time 
Storage Time 


Fall Time 


**PW < 350 us, Duty Cycle = 2 % 


Classification of 


NFe2 





Mi L 


= os 





100 to 200 


160 to 320 


Test Conditions: Vce =2.0V, 1c =06A 


200 to 400 


1.3 
10 


60 
60 
7.0 
3.0 
5.0 
0.5 


—55 to +150 °C 
+150 °C Maximum 


== 





NPN SILICON POWER TRANSISTOR 


2S5D1818 


PACKAGE DIMENSIONS 


in millimeters (inches) 


8.5 MAX, 
(0.334 MAX.) 


+ e 
@3.2+0.2(¢0.126) 
=a 


2.8 MAX. 
(0.110 MAX.) 


3.8+0.2 (0.149) 





+0.08 
0.8 =0.05 


(0.031) 
—— + — 





2.3)2.3 
(0.090) (0.090) 


1. Emitter 

2. Collector connected 
to mounting plane 

3. Base 


Ic =15A,1gp=0.15 A 
Vce =2.0V, Ic =0.2A 
VcE=2.0V,I¢=0.6A 
Vce=2.0V,1Cc=2.0A 
Veep =60V,lE=0 
Veg =7.0V,Ic=0 


Ic =2.0A, Ip1=—Ilp2=0.2A 
R_ =5.02, Vee +10 V 
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2$D1818 


TYPICAL CHARACTERISTICS (Tg = 


W 


Py —Total Power Dissipation 


A 


‘Collector Current 


ic — Collector Current- A 


01 
0 02 04 06 08 
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0 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Tg Ambient Temperature —C 


REVERSE BIAS SAFE 
OPERATING AREA 


1L=180 uH| 


20. 40. 60 BO 100 


Vce—Collector to Emitter Voltage - V 


COLLECTOR CURRENT vs. 
lice TO EMITTER VOLTAGE 





10 12 14 146 


Vee —-Base to Emitter Voltage— V 


25 °C) 


i 
"ed 


dT Percentage of Rated Current 


A 


Ic -- Collector Current 


hee - DC Current Gain 





DERATING CURVE OF 
SAFE OPERATING AREA 


100} 
80 
60 
40) 


20 





0 50 100 “150 200 


Te ~Case Temperature- C 


COLLECTOR CURRENT 
vs. COLLECTOR TO 
EMITTER VOLTAGE 





0 0.4 08 1.2 1.6 


Vee —Collector to Emitter Voltage— V 


DE CURRENT GAIN 
vs. COLLECTOR CURRENT 


: VCE 2.0 V | 
' Pulsed arf 
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ELECTRON DEVICE 


NPN SILICON DARLINGTON TRANSISTOR 


2SD1843 








DESCRIPTION The 2SD1843 is a darlington transistor built-in a zener diode at 
B-C and a dumper diode at E-C. 
It is suitable for use to operate from IC without predriver, such 
as hammer driver. 7.0 MAX. 


PACKAGE DIMENSIONS 


in millimeters 


FEATURES ~- . ® High DC Current Gain. 
® Built-in a Zener Diode at B-C and a Dumper Diode at E-C. 
® Low Collector Saturation Voltage. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ............. —55 to +150 °C! o6+01 = 
Junction Temperature .......... .+150 °C Maximum | — | mi 
Maximum Power Dissipation ~ 
Total Power Dissipation (Tz = 25°C) ..... 10 W 
Maximum Voltages and Currents (T, = 25 C) 
Vero Collector to Base Voltage ..... 60+10 V 
VcEO Collector to Emitter Voltage. ..60+10 V 
VeRO Emitter to Base Voltage......-7.0 V Bec ae: 
leipe) Collector Current ......... . £10 A 3. Base 
Icipuse) Collector Current ......... . £20 A 


*PW<s10ms, Duty Cycle = 50 % 


R,=20kQ Ri 
Ro=1.4 ko 





ELECTRICAL CHARACTERISTICS (T, = 25 “C) 


SYMBOL CHARACTERISTIC TEST CONDITIONS 
lhee;** DC Current Gain Voce =2.0V, Ic =0.2A 
| hee ** DC Current Gain 2000 30000 - Vee=2.0V, 1c =0.5A 
| Vesa Collector to Base Voltage 50 60 70 V Ic = 1.0mA, le = 0 
VcEa Collector to Emitter Voltage 50 60 70 V lc = 10 mA, Rpg =co 
ton Turn On Time 0.5 Ms 



















fic = 0.5 A, RL = 100 2 
lp, =—lpo=0.5mA, Veco =50V 






tstg Storage Time 1.0: MSs 
t¢ Fall Time 1.0 Ms 









IcBO Collector Cutoff Current 0.5 uA Vep=40V, le =0 
lEBO Emitter Cutoff Current 1.0 mA Veg =5.0V, Ic =0 
VCE(sat) "" Collector Saturation Voltage 1.5 V Ic =0.5A, 1g =0.5mA 
VBElsat) °* Base Saturation Voltage 2.0 V Ic = 0.5 A, lp =0.5mA 





** Pulsed / PW s 350 ws, Duty Cycle = 2% 
Classification of Nee2 
| Range —_| 2000 to 5000 |4000 to 
















8000 to 30000 






10000 
Test Conditions: Vee = 2.0V, 1c =O5A 





NE Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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SAFE OPERATING AREA 




















+ el eS 
IC(pulse) MAX. | 
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ELECTRON DEVICE 


NPN SILICON DARLINGTON TRANSISTOR 


2SD1939 





DESCRIPTION The 2SD1939 is a darlington transistor including a dumper diode 


FEATURES) «+. @ High DC current gain. 


at E-C. | PACKAGE DIMENSIONS 


: — : in millimeters (inches) 
It is suitable for-general driving use, such as hammer, solenoid, 


lamp or motor. | 5.2 MAX. 
“(0.204 MAX.) 


® High current capability, wide ASO and low collector saturation 





voltage. < < 
® Includes.a dumper diode at E-C. 2 
a. 
ABSOLUTE MAXIMUM RATINGS - 
Maximum Temperatures S | 
Storage Temperature ............6.. —55 to +150 °C S | 
Junction Temperature ............ 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation .........2..0e00- 0.75 W * 
Maximum Voltages and Currents (Ta = 25 “C} = 
Vepo Collector to Base Voltage ........... 150 V S 
Veeo Collector,to Emitter Voltage..... ‘oe Oe 
Vego Emitter to Base Voltage...... See ae 8.0 V 2(C) Elay -:$c-438 
lc Collector Current (DC)............. +1.5 A | ee ee 
Ic Collector Current (Pulse)*........... +3.0 A | 4. Emitter (E) 
Ip Base Current (DC). .........00000% 0.15 A 2. Collector (C) | 
3. Base (B) 


*PW =<300 us, Duty Cycle = 10 % 





ELECTRICAL CHARACTERISTICS (Tag = 25 °c) 
SYMBOL CHARACTERISTIC MAX. ‘TEST CONDITIONS 


ICBO 
ICER 
ICEX1 
ICEX2 
lEBO 





DC Current Gain 7 | VcE=2.0V, Ic =0.5A 
DC Current Gain Vee =2.0V,lc=1.0A 
Turn-On Time Ic =1.0A,R, =502 
Storage Time ( lp1 = —!p2=1.0 mA, Vcc = 50 ‘) 

Fall Time , See Test Circuit 

Collector Cutoff Current , Vcp = 80V, lp =0 

Collector Cutoff Current Vce = 80 V, Ree = 512,77, = 125°C 
Collector Cutoff Current | Vce = 80 V, VeEloff) = —1-5 V 

Collector Cutoff Current Vce = 80 V, Veeloff) = —15 V, Tg = 125°C 
Emitter Cutoff Current Veg =5.0V,Ic=0 


| VCE(sat) Collector Saturation Voltage 


| VBE (sat) Base Saturation Voltage 






fr 


Rank 
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Classification of hres 


2000 to 5000 | 


Ic =1.0A,1gp=1.0mA 


Gain Bandwidth Product | Voce =10V,le=—-1.0A 










4000 to 10000 | 8000 to 30000 


Test Conditions: Vcg = 2.0 V, Ic =1.0A 
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TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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P-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


25544 





iD) 


ELECTRON DEVICE 








DESCRIPTION The 25J44 is designed for use in driver stage of AF low noise 





inp : | nee ie 
FEATURES ® Low Noise Figure | 52 MAX. 
e,=1.5 nV/\/Hz TYP. (Vps=~10 V, Ip=—1.0 mA, f=1.0 kHz) a 
“T.0|CUNV S 20mV | . 
® High Voltage, High l¥,,!, and Wide Dynamic Range |g 2 
V6p0 240 V = 
l¥¢,1=9.0 mS TYP. (Vps=—10 V, Ip=—-1.0 mA, f=1.0 kHz) 18 5 
® Complementary to NEC 2SK163 045 Of 
(0.018) Zz 
ABSOLUTE MAXIMUM RATINGS R be wn 
Maximum Temperatures 32 tes 
Storage Temperature .............. —55 to +125 °C Peet 
Junction Temperature ........... 4125°C iwidscinauie x 
Maximum Power Dissipation (Ta=25 °C) : 
Total Power Dissipation ..........00000% .400 mw Ss 
Maximum Voltages and Currents (Ta=25 C) ears 1. DRAIN EIAJ : SC-43B 
Vepo Gate to Drain Voltage .......... 40 V . eee ania por 
VGso Gate to Source Voltage ......... 40 V 
Vosx* Drain to Source Voltage ........ -40 V 
Ip DSi GUrpent on acs date 5 SSR -30 mA 
le Gate Current 2.4. .0e ee bev ea nas -10 mA 
*VGs=-2.0 V 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
‘SYMBOL 














CHARACTERISTIC TEST CONDITIONS 
Zero-Gate Voltage Drain Current -1.0 —9.0 —18 mA Vps=-10 V, Vgg=0 
Yesl, Forward Transfer Admittance 7.0 9.0 ms Vps=—10 V, Ip =—1.0 mA, f=1.0 kHz 


YFsle Forward Transfer Admittance 7.0 mS Vps=—-10 V, Vgsg=0, f=1.0 kHz 










Cice Input Capacitance 50 pF Vos =—-10 V, Veg =0, f= 1.0 MHz 
Crss Feedback Capacitance 10 pF Vpsg=-—10 V, Veg =0, f=1.0 MHz 
NV Noise Voltage 16 20 mV See test circuit 

loss Gate Cutoff Current 1.0 nA VG6s=20 V, Vps=0 









VGSloff) Gate to Source Cutoff Voltage 0.2 V Vps=—10 V, Ip =—-10 uA 





Classification of Ipss 
Rank 


IpDssimA) | 


Ipss Test Conditions : Vps=—10 V, Vas =0 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


Cigg—!nput Capacitance — pF 


P7—Total Power Dissipation — mW 


Ip —Drain Current mA 


Crsg — Feedback Capacitance — pF 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


| | Free Air 
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—5.0 


DRAIN CURRENT vs. 
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Ip —Drain Current— mA 
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DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 
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DESCRIPTION 


FEATURES 


ABSOLUTE M 


ELECTRICAL 
SYMBOL 
IDSs 
IY¢sl, 

Y¢sl 
Ciss 

Cres 

NV 

IGss 
VGS\loff) 


NEC 


ELECTRON DEVICE 


and switching circuit. 


® High Voltage, High |¥;,| 
Yanna 40 


~ l¥¢,l=9.0 mS TYP. (Vpg=—10 V, Ip =-1.0 mA, f= 1.0 kHz) 


® High Input impedance 
Igsg =1.0 nA (Ves = 20 V, Vps = 0) 


AXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............ 
Junction Temperature ............ 


Maximum Power Dissipation (Ta=25 ~C) 


Total Power Dissipation.............0.005- : 
Maximum Voltages and Currents (Ta=25 °C) 


Vepa Gate to Drain Voltage .......... 

Ve6so Gate to Source Voltage ......... | 

Vosx * Drain to Source Voltage ........ 

ID Dany GUITENE «oe chee aa Sie 

lg Gate Current ...... VR, wm aoe 
*VGgs=2.0V 


CHARACTERISTICS (Ta=25 “C) 


CHARACTERISTIC 


Zero-Gate Voltage Drain Current 
Forward Transfer Admittance 
Forward Transfer Admittance 
Input Capacitance 

Feedback Capacitance 

Noise Voltage 

Gate Cutoff Current 

Gate to Source Cutoff Voltage 


Classification of Ipss 





IDSS(mA) 


622 


Ipsg Test Conditions : Vpg=—10 V, Vgg=0 


P-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


The 2S$J45 is designed for use in driver stage of AF amplifier 


—55 to +125 °C 
+125 °C Maximum 






2S5J54 


PACKAGE DIMENSIONS | 


in millimeters (inches) 


















5.2 MAX. 
(0.204 MAX.) 

7 =, 

ye 2% 
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) uo < 

“3 

S 

0.45 I 

(0.018) zs 

x & = 

2 [88 

2.54 . : 
(0.10) & 
1.27 js 

(0.05) a 
~~ <t 

= = 

ys 

—~ 

. 1s 
1. DRAIN EIAJ : SC-43B 
2. GATE JEDEC : TO-92 


| 3. SOURCE IEC > PASS 


TEST CONDITIONS 


Vps=—10 V, Ves=0 

Vps=-10 V, Ip =—-1.0 mA, f= 1.0 kHz | 
Vos=-10 V, Ves=9, f=1.0 kHz 
V¥ps7-10 V, Vag=0, f= 1.0 MHz 
Vps=—10 V, Ve6s=9, f=1.0 MHz 

See test circuit 

VGs= 20 V, Vps=0 

Vpsg=-10 V, Ip=—-10 vA 








NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 
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Vgg—Gate to Source Voaltage—V 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 






- Input Capacitance — pF 
Creg— Feedback Capacitance— pF 
S 


Cigs: 


1.0 | 
10 20 


Vps5—Orain to Source Voltage—V 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 








Ip ~~ Drain Current— mA 





Vos— Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE 
vs. ZERO-GATE VOLTAGE DRAIN CURRENT 


100 






mS 


50 





lyfs] Forward Transfer Admittance- 


—~ 100 


—50 
lpgg—Zero-Gate Voltage Drain Current—mA 


-5.0 —10 


-20 


2SJ45 





DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 





Ip— Drain Current —mA 


C—O 88 a rr eee 


Vps~— Drain to Source Voltage—V 


GATE TO SOURCE CUTOFF VOLTAGE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 





VeSioff)—Gate to Source Cutoff Voltage—V 


—5 
logg—Zero-Gate Voltage Drain Current--mA 


io 20  =—5 0 —16 —50 —100 


NOISE VOLTAGE TEST CIRCUIT 


a. 









i <at—3.0 dB} 


Bf F 
f=10 Hz 
~ 1.0 kHz 





* 
2 
Ip=—1 maf 747 # | 
Las V | 
, Gy =100 dB | 
(FLAT) 


Voga —4 ¥. Ip =— 10 mA, Re =0, Gy =100 dB, 
#=10 Hz—-1.0 kHz (at—3 dB) 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK49 





ELECTRON DEVICE 











DESCRIPTION The 2SK49 is designed for use in FM tuner of a potable RADIO 


RECIVER. PACKAGE DIMENSIONS 
. in millimeters (inches) 
FEATURES @ High Forward Transfer Admittance. 7 5.5 mS TYP. 5.2 MAX. 


(0.204 MAX.) 
lYfs |. (Vps =5.0 V, Ves =0) _ 


7. © @ Low Feedback Capacitance. : 0.07 pF TYP. 
Crss (Vps =5.0 V, Vas = 9) 


: 5.5 MAX. 
(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





Storage Temperature .......-..+.6. —55 to +125 °C _ Sz 

Junction Temperature ..........5. +80 °C Maximum 2 ag 
Maximum Power Dissipation (Ta=25 °C) g—t 

Total Power Dissipation .........02-00-- 72 mW S 
Maximum Voltages and Currents (Ta=25 “C} 

VGpo Gate to Drain Voltage ......... -2) V 

Veso Gate to Source Voltage ........ 40 v 

Vpsx Drain to Source Voltage ..... -- 20 V 1. GATE EIAJ 

Ip Drain Current ............... 10 mA SGRAIN “theo 

lc Gate COrent a/c sessed de os 10 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 








| SYMBOL CHARACTERISTIC : Bia MAX. UNIT TEST CONDITIONS 


Zero-Gate Voltage Drain Current ‘ Vps=5.0 V, Vgs=0 
Forward Transfer Admittance : Vps=5.0 V, Ip =0.5 mA, f=1.0 kHz 
Forward Transfer Admittance ; . Vps=5.0 V, Vgs=0, f=1.0 kHz 
Input Capacitance ! : Vps=5.0 V, Vgs=0, f=1.0 MHz 
Feedback Capacitance : an Vps=5.0 V, VGs=0, f=1.0 MHz 
Output Capacitance 3. A. Vps=5.0 V, Vgs=0, f=1.0 MHz 
Power Gain : Vps=5.0 V, VGs=0, Zin. Zoyp =50 2 
f=100 MHz, See test circuit 
Noise Figure Vps=5.0 V, VGs=0, Zin, Zout =50 2 
f=100 MHz, See test circuit 
loss Gate Cutoff Current Vogs=-0.5 V, Vps=0 
VGSloff) Gate to Source Cutoff Voltage Vps=5.0 V, Ip=10uA 


Classification of Ipss 


a 


loss Test Conditions : Vps=5.0 V, Ves =O 
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Bis — Input Conductance — mS 
bis—Input Susceptance —mS 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE | 


| Free Air 


Py —Total Power Dissipation — mW 





80 
Ta—Ambient Temperature —“C 


20 40 


GATE TO SOURCE CUTOFF 
VOLTAGE vs. ZERO—GATE VOLTAGE 
DRAIN CURRENT 


So ee 

. ee ee oe - 
| 1 | 

th tot tt 


Vos =5.0 V 
Ing=10 wA 
{tty 


——5-——4-_— +} —}+_1 4 ee 


——-—+4} —_}+-—_-+— 4+ 


| 
SS 


+— 





VGS(oft) Gate to Source Cutoff Voltage —V 


02 1 10 


Ipss—Zero-Gate Voltage Drain Current—mA 


INPUT ADMITTANCE 
vs. FREQUENCY 





f— Frequency —MHz 


&fs —Forward Transfer Conductance —mS 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 
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Vps—Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 





0.2 LUI | 
005 01 02 


lyf] -—Forward Transfer Admittance —mS 
Cregg — Feedback Capacitance — pF 


1 


Ip—Drain Current—mA 


FORWARD TRANSFER ADMITTANCE 
vs. FREQUENCY 





brs —Forward Transfer Susceptance—mS 
Brs— Feedback Transfer Conductance—mS 
b-«—Feedback Transfer Susceptance—mS 


f — Frequency —MHz 


2SK49 


DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 
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15 
1.0}; 
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| | Lt 
-16 -<12 -08 04 
Ves —Gate to Source Voltage—V 


=—20 


FEEDBACK CAPACITANCE vs. 
DRAIN TO SOURCE VOLTAGE 


“O01 02 05 


Vos —Drain to Source Voltage —W 


FEEDBACK TRANSFER ADMITTANCE 
vs. FREQUENCY 





| 
30 50 100 200300 500 


i —Frequency —MHz 
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2SK49 


OUTPUT ADMITTANCE 
vs. FREQUENCY 
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Rg —Source Resistance —Q 
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POWER GAIN AND NOISE FIGURE 
vs. ZERO-GATE VOLTAGE DRAIN 
CURRENT 





PV i & ELECTRON DEVICE 


POWER GAIN vs. 


GATE TO SOURCE VOLTAGE 


a0 = : aa 25 
Vps =5.0 WZinZout=o0 2 | Vos =5.0 V 
Veg=0 f=100 MHz i | || Yes=Vacc | 
25) Test circuit _ ar oF be Zin Zout=29 2] 
7 rT TTI | eT | I fos f=100 MHz | 
! Baan 1 | | | l Test circuit 
- “|. | Till £ 
E 5 
— 
g : 
e a 
| | 
Lo uh 
= a 
-5 





lng5 —Zero-Gate Voltage Drain Current—mA 


NOISE FIGURE and POWER GAIN 
TEST CIRCUIT ( f = 100 MHz) 


3p 
——t 1 
IN_ 6p J MS 
50 2(0}—|f : or @ + . 98 
| ae ee 
a= aa 5 
a - "I 
S i ~ | | ~ a 
nn Lad T7 77 | Fr 
© é 
Ves Vop=5.0 V 
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Veg —Gate to Source Voltage—V 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK68A 


F 








ELECTRON DEVICE 


DESCRIPTION = The 2SK68A is designed for use in driver stage of AF low noise 
amplifier. PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES @ Low Note Figure 
NF (Vps=10 V, Vgs=0, Rg =10k9, f=10Hz) :1.0dBTYP. . ra 
@ High Voltage, High l¥¢,|, and Wide Dynamic Range an 
= Vepo>—50 V, Wr! (Vps=10 V, Vgg =0) 12 mS TYP. 


® Low Leakage Current 
Igss<—-1.0 nA (VGs =—20 V) 


| 
: 
xa 
m = 
uy Ne 
‘ (=) 
— 


ABSOLUTE MAXIMUM RATINGS ae les 
Maximum Temperatures x S 8 3 
Storage Temperature. .......0..... —55 to +125 °C ~ 3 3 
Junction Temperature ..........+125.°C Maximum Ss 


Maximum Power Dissipation {Ta=25 °C) 





Total Power Dissipation .............% . 250 mW 
Maximum Voltages and Currents (Ta= 25 “C) ; 

Vepo Gate to Drain Voltage .....7... —50 V Upraist pee 
Veso Gate to Source Voltage ....... -50 V Racal a ale 
Vosx” Drain to Source Voltage ....... 50 V 

Ip Drain Camrent. c4cahupeesacrwt 20 mA 

Ig Gate COMM sees Pete ey 10 mA 

“Vag =-2.0V 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





SYMBOL CHARACTERISTIC . . MAX. UNIT TEST CONDITIONS 


#ero-Gate Voltage Drain Current : Vps=10 V, Veg =0 

Forward Transfer Admittance d : Vos=10 V, I[p=0.5 mA, f=1.0 kHz 
Forward Transfer Admittance : Vps=10 V, Vos =9, f= 1.0 kHz 
Input Capacitance 3 Vps=10 V, Ves =0, f= 1.0 MHz 
Feedback Capacitance is | Vps=10 V, Veg =90, f= 1.0 MHz 


NFj Noise Figure , 3 Vps=10 V, Ves =9, Rg =1.0 kQ, f= 10 Hz 
NF4 Noise Figure 3; Vps=10 V, Ves =90, Rg =1.0 kQ, f= 100 Hz 
NF3 Noise Figure : Vps=10 V, Vas =0, Rg =1.0 kQ, f=1.0 kHz 
NV Noise Voltage See test circuit 

loss Gate Cutoff Current ; : ¥oqs=—-20 V, Vps=0 

VGSloff) Gate to Source Cutoff Voltage “0. Vpos=10 V, Ip=10 vA 


Classification of Ipss 


| M | N 
ee ND ee ee — —_____—_-- 





05-15 | 10-30 | 20-60 | 40-12 


loss Test Conditions : Vps=10V, Vgg=0 
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2SK68A 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


PT —Total Power Dissipation —mW 





0 25 BO) F5 100 125 150 
Ta—Ambient Temperature—"C 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 


Ip —Drain Current —pA 


Vos —Drain to Source Voltage —mV 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 


1 ee Ea 








ve jt —aseasti Vp =10 V 
| Te muere = 5= 

@ ttc mmeetitl t= o- 

5 eee i. i “m1 
t. ott aati Mo ni 
flee 30 | i | || 
& es ee a H+ 4+ H+} ++} anid 
fo _ 1 ‘ cS coo cj rr 
Pag ——s —— meee 
Ee | Bae ee ‘inet em al 
7 =e. 

§ AA 
S 

u ah Bl 
Z 

~*~ bl me 


10 2 8 100 
. —Drain Current—mA 
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FO 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 


lp —Drain Current—mA 





0 10 20 » 40 50 
Vos —Drain to Source Voltage—V 


DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 





=10 08 06 04 —O. 
Ves —Gate to Source Voltage—V 


RWARD TRANSFER ADMITTANCE 


vs. ZERO-GATE VOLTAGE DRAIN CURRENT 


100 Jp = 10 V 


ia 


nl [Peres 0 
TI 





l¥tg]—Forward Transfer Admittance —mS 


SSS Sti: 
Section shire rt mull 
sie see 5 “4 
0] OD 1 5 10 20 50 10c 


Ipsg —Zero-Gate Voltage Drain Current—mA 


Ip —Drain Current—mA 


lp —Drain Current—mA 


=—1.0 


VGs(off) Gate to Source Cutoff Voltage—V 


INVELG ELectRon device 





DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 





0 01 02 0.3 0.4 0.5 
Vps—Drain to Source Voltage —V 


FORWARD TRANSFER ADMITTANCE 
vs. GATE TO SOURCE VOLTAGE 


Yos=10 V | 


8 
e—ms 





l¥fs|—Forward Transfer Admittance 


0.4 
Vgs —Gate to Source Voltage—V 


=-0.8 0.6 


GATE TO SOURCE CUTOFF VOLTAGE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 


EES emetst tJ 


Io metaeetiiit = 


-—+- tt —-— 
| 7 


PSS eee 


4 


—2] aa oI L Tn aoe 





—0.1 -- 
O01 02 #08 1 2 5 
Ipss —Zero-Gate Voltage Drain Current—mA 


NEC ELECTRON DEVICE 


ON RESISTANCE 


vs. ZERO-GATE VOLTAGE DRAIN CURRENT 


RoN—On Resistance —Q2 


NF —Noise Figure —dB 





10 20 «850 (100 


10 Li 
0102 O58 1 2 5 
lpss—Zero-Gate Voltage Drain Current—mA 


NOISE FIGURE vs. FREQUENCY 












. a a Wps=10V | 


Rg=1.0 kQ 














10 | Ipsg =3.0 mA 
oe 
Ae +t UE | tt 
wei ee et 
al! 
eo CT TT 
of Ne LUT Nos =0.1 ma | [1] 


- 







i=. im«,s\;ns0 
0 it iia 
10 100 10 k 


f—Frequency—Hz 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 


Cigg—Input Capacitance —pF 
Crsg—Feedback Capacitance — pF 





10 20 50 100 


1 _ | 
O01 02 O58 1 2 5 
Vos —Drain to Source Voltage—V 


NOISE VOLTAGE TEST CIRCUIT 
+15 V 


1k YDS*6~7 V.Ip=0.5 mA, Rg=1.0 kQ 
“ 


| Band Pass 
| 


f=10 Hz~1.0 KHz | 
(at Vg=—3.0 dB) | 
| 







Vg =100 dB 
__FLAT_ 


ee eee ee 


NF —Noise Figure -dB6 





2SK68A 


NOISE FIGURE vs. 
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FREQUENCY 
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ELECTRON DEVICE 





N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK104 











DESCRIPTION The 2SK104 is designed for use in analog-switch, variable-resistor, 
RF amplifier and AF amplifier. PACKAGE DIMENSIONS 


in millimeters (inches) 


SSS 








FEATURE © Low Cost type FET : (020 ws , 
= a 
ABSOLUTE MAXIMUM RATINGS FE 
Maximum Temperatures ja 2 
Storage Temperature........... -55 to +125 °C —— 4 . 
Junction Temperature. ........ +125 °C Maximum ears gz 
Maximum Power Dissipation (Ta = 25 °C) ia = Se 
Total Power Dissipation ......... -.... 250 mW 2.54 | | = 


Maximum Voltages and Currents (Ta=25 °C) 


Gate to Drain Voltage Vengo «<+<4.«. “=20¥ 2 
Gate to Source Voltage VGsO --- ee eee -30 V 2 
Drain to Source Voltage Vosx* .... eee: 30 V c=} 
Drain Current Ip - 0 a Owes, 20 MA | 1. GATE EIAJ : SC-43B 
. 2.SOURCE JEDEC: To-92 
Gate Current iS vvewt x4 oat 10 mA | 3.DRAIN JEC  : PA33 
*VG5=-5.0 V 





ELECTRICAL CHARACTERISTICS (Ta = 25 -C) 












SYMBOL | CHARACTERISTIC MIN, TYP, MAX. UNIT TEST CONDITIONS 


loss Gate Cutoff Current 10 nA VGgs=-30 V, Vps=0 


loss Zero-Gate Voltage Drain Current 0.5 25 12 mA Vps7=5.0 V, Vgsg=0 

VGSl(off! Gate to Source Cutoff Voltage -0,25 7 —4.5 V Vps=5.0 V, Ip =10 uA 

Vee |4 Forward Transfer Admittance 1.5 2.1 ms Vps75.0 V, Ip =0.5 mA, f=1.0 kHz 
| |Yesla Forward Transfer Admittance 1.5 4.1 ms Vps=5.0 V, Vgsg=0, f =1.0 kHz 

Ciss Input Capacitance 4.1 6.0 pF Vpos=10 V, Vos=0, f=1.0 MHz 


Crss Feedback Capacitance 0.9 1.3 pF Vps=10 V, Vgsg=0, f=1.0 MHz 


Classification of Ipss 












Rank | cE | F H 
ian ao 
| Ipssi(mA) | 0.5 — 1.5 | 10-30) 2.0 —6. 
Ee Fee . 


ee 





loss Test Conditions : Vps=5.0 V, Vgs=0 
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Ni; ix Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta= 25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


DRAIN CURRENT 
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5 2 
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a = wn . _- 
0 25 50 75 100 125 L5G 0 l 2 2 4 5 6 
Ta—Ambient Temperature —“C VpsS— Drain to Source Voltage —V 
DRAIN CURRENT DRAIN CURRENT 
vs. DRAIN TO SOURCE VOLTAGE vs, GATE TO SOURCE VOLTAGE 
Le | | | | 
200 GS 
|| | fo ZL 4-02 
| 1307— a T~04V 
< i 100 + by 06 v4 
| 7A 8N 
ft] tt ol Zee 
carrey Zane 
5 iia iPad ps 10 
oO | eri 620 40 60 
cit 
S a zz | 
- F . yf x 100 
2 —+—- 150- | 
[es | 
| | 
——+ = 200 7 
| ee ) -24 -20 -16 -12 -08 —O4 
Vos—Drain to Source Voltage —m\ Vqg—Gate to Source Voltage—V 
FORWARD TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE 
vs. GATE TO SOURCE VOLTAGE vs. AMBIENT TEMPERATURE 
| | \Vpg=5.0V. f=1.0 kHz} “a aes | 
ae be - i 
as es ee Oe es 
] 





i] 
| i 





lvtcl —Forward Transfer Admittance—m5 


lyscl —Forward Transfer Admittance 


40 


20 


~<L6 


—2.0 


VGs—Gate to Source Voltage—V Ta ~— Ambient Temperature— °C 


vs. DRAIN TO SOURCE VOLTAGE 








Drain Current —mA 





Ip - 


lo —Drain Current —mA 


80 


1¥fsl — Forward Transfer Admittance—msS 


~1L6 -14-12 -10-08 -06 -04-— 





2SK104 


DRAIN CURRENT 
vs. DRAIN TO SOURCE VOLTAGE 





¥Vos— Drain to Source Voltage —¥ 


DRAIN CURRENT 
vs. GATE TO SOURCE VOLTAGE 
= _ 6 


12 


0.2 


Vgs— Gate to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE 
DRAIN CURRENT 


WS. 





Ip —Drain Current — mA 
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Io —Drain Current — mA 


2SK104 NEC ttectron vevice 





GATE TO SOURCE CUTOFF VOLTAGE FORWARD TRANSFER ADMITTANCE m INPUT AND FEEDBACK CAPACITANCE 
vs. ZERO-GATE VOLTAGE ORAIN CURRENT vs. ZERO-GATE VOLTAGE DRAIN CURRENT vs. DRAIN TO SOURCE biichiinals 


VGS(off ) ~ Gate to Source 


Big — Input Conductance— mS 


fos — Output Conductance — mS 


Cutoff Voltage—V 

















Vce=0 
Qa || || YDS=5.0V] i E Yos=0 
E 111) f=1.0kH2 ua : 
| | | | a _ 
S Li : uu . 
5 Ss 2 
c c = —— 
c - eg ae ee 
= = ~ as ee __ : a 
= =) = | | i 
ae =u 
at ; | 
ae w ow 
a 
| Oo a 
05 1 @ a 0 0102 05 1 2 #25 10 20 
| — fero-Gate Voltage Drain Current — mA et Tee ac = 
loss Zero-Gate Voltage Drain Current — mA OSS g Vos — Drain to Source Voltage—V 
INPUT ADMITTANCE FEEDBACK TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE 
vs. FREQUENCY vs, FREQUENCY vs. FREQUENCY 
a e ar Vps=5.0 V 
wo ® ! | 
uy v a 
; ec So 
oe q 8 P 
Ee O46 ~ 8 
i 29 _-e- 
2» = & s 2 
2 Sa 5 3 
= - ~ Oo” 
o @ 5 5 
a 22 To 
oS oo Ce 
ut -_ - om 
a i 
= a= et 
ao 8 aD 
= ss S 3 
| 3D = 3 
eo = 5 
r= aa i 
f | i 
v 2 yn yA 
wm oO a .O 10 20 50 86100) 6200 500 
f — Frequency — MHz f — Frequency —MHz f— Frequency —MHz 


OUTPUT ADMITTANCE 
vs. FREQUENCY 












bos ~ Output Susceptance — mS 


10 20 ©6580 )=6100-—«200 500 


* - Frequency —MHz 
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ELECTRON DEVICE 









DESCRIPTION The 25K105 is designed for use in analog-switch, variable-resistor 
and AF amplifier. 
FEATURES ® Low cost type FET. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature 


Junction Temperature 


eee e ef © © © # # © @ 











N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK105 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


—-> — ———- 


, 
= 
= 
O 
—t 
“ 
S 














ra 
Maximum Power Dissipation (Ta =25 °C) _ = 
bo i? 
Total Power Dissipation ............. 00058 250 mW = © 
7m 
Maximum Voltages and Currents (Ta=25 °C) 6 
Gate to Drain Voltage NGO vaaceaades -50 V ro = 
;7s = 
Gate to Source Voltage Veso .......2--- -50 V i= 
Mw 
Drain to Source Voltage Vpsx .......... 50 V eee aa 
Drain Current be oh eres ee 20 mA | 
1. DRAIN EIAJ : SC-43B 
Gate Current Ig - 10 mA 2. GATE JEDEC : TO-92 
3, SOURCE IEC —-: PA&33 
*Vgs-—5.0 V 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC MIN. TY¥P, MAX. UNIT TEST CONDITIONS 
IGss Gate Cutoff Current -1.0 nA VGgs=—30 V, Vps=a 
Ipss Zero-Gate Voltage Drain Current 0.5 ae 12 mA Vos =5.0 V, Veg=0 
VGSloff) Gate to Source Cutoff Voltage -0.25 - 1.1 -4.5 V Vps=5.0 V, Ilp=10 uA 
| Yes | I Forward Transfer Admittance 1.5 2.1 ms Vos = 5.0 V, Ip =0.5 mA, f=1.0 kHz 
[Yel Forward Transfer Admittance 1.5 4,1 ms Vos =5.0 V, Vas =0, f= 1.0 kHz 
Ciss Input Capacitance 4.1 6.0 pF Vps=10 V, Ves =0, f= 1.0 MHz 
Crss Feedback Capacitance 0.9 1.3 pF Vos= 10 V, Veg 70, f= 1.0 MHz 
Classification of Ipss 
as aa — 7 a a ase = & ie 
Rank E F H | J 
| | o5-15 | 10-30 | 20-60 | 40-12 
ee ee 





Ipss Test Conditions : Vps=5.0 V, Vgs=0 
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2SK105 NEC tvectron nevice 





TYPICAL CHARACTERISTICS (Ta=25 “C unless otherwise noted) 





















TOTAL POWER DISSIPATION DRAIN CURRENT vs. DRAIN CURRENT vs. 
vs. AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE DRAIN TO SOURCE VOLTAGE 
300 —r- ee a 
= Vgs=0 
250 = — 44 
5 E E 
Saal 
xo = = 
2 S 3 
~ 150 Fs 5 
eT 3 
= | i= = 
a 100} = s 
z | 7 
o 1 m 
~ 50 ~ 
= 
0 2% 50 7 100 125 150 0 5 10 15 20 25 30 
Ta~ Ambient Temperature—"C Vps~ Drain to Source Voltage—V Vos ~Drain to Source Voltage—v 
| FORWARD TRANSFER 
DRAIN CURRENT vs. DRAIN CURRENT vs. ADMITTANCE vs. GATE 
DRAIN TO SOURCE VOLTAGE GATE TO SOURCE VOLTAGE TO SOURCE VOLTAGE 
[| TT 7 [¥os=50v.t=10 mz] © 
= a 
x F- 5 
5 5 = 
Oo o = 
= = re 
e a = 
& 5 _ 
| =) 
2 o ro 
_ = 
S 
Bs Cs ee OU Se eo - 
: -24 —-20 -16 -l2 -08 -04 0 = 7) — 2s = 0 o> 
Vos —Drain to Source Voltage—V Vine —tiete’ fa Scares Vole ee =m ssi a a a se 
as BT! Vgg Gate to Source Voltage—V 
FORWARD TRANSFER GATE TO SOURCE CUTOFF FORWARD TRANSFER 
ADMITTANCE vs. VOLTAGE vs. ZERO-GATE ADMITTANCE vs. ZERO-GATE 
DRAIN CURRENT VOLTAGE DRAIN CURRENT VOLTAGE DRAIN CURRENT 
3 | SES Vos =50 v E | | 
oor Eo Ip =10 wa || VYos=50 V 


=1.0 kHz 


TTI ae 
= imme 8| —e 
+H 


a ee —T tT a oo EEE 


al fe Zou 
os 


+ St oe 
| | 


Gate to Source Cutoff Voltage—V 
-Forward Transfer Admittance - 





\¥fs'- Forward Transfer Admittance— mS 


05 1 2 5 10 20 
Ings ~ Zero-Gate Voltage Drain Current— mA 


01 02 OF 1 2 5 ic 
Ip — Drain Current— mA 


VGS (off) 


loss — Zero-Gate Voltage Drain Current— mA 


634 


NEC ttectron vevice | | _ 2SK105— 





INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 


pF 


pF 


Input Capacitance: 
Cree Feedback Capacitance 


aes 


a 


. Lh 
| - | 

t+ 44 an Pi 

r iiemmat Tl 


Ciee 





mann 
0102 05 1 > 6 10 20 


Vos — Drain to Source Voltage-¥ 
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ELECTRON DEVICE 






DESCRIPTION The 2SK 162 is designed for use in the first stage for Low 
Noise Amplifier. 
FEATURES ® High Vek 
ee I¥egl=45 mS TYP. @ Vos =5.0 V, Ip =5.0 mA, 


f=1.0 kH2 
® Low Noise 


e, = 0.65 nV//Hz @ Vos = 5.0 V, Ip =5.0 mA, 


t= 1.0 kHz 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ........... .,.. 755 to +125 °C. 
Junction Temperature ............ +125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation. ..........-2502805 400 mW 
Maximum Voltages and Currents (Ta = 25 °C) . 
Vapo Gate to Drain Voltage ..........-40 V 
Vo6so Gate to Source Voltage ......... -40 V 
Vosx- Drain to Source Voltage ........ 40 V 
In Drain Current ............048. 50 mA 
le Gate Current 2... ee ee ee ees 10 mA 


*Ves =-2.0 V 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


| SYMBOL —— CHARACTERISTIC MIN. TYP. MAX. — UNIT 
loss Zero-Gate Voltage Drain Current 5.0 18 30 mA 
NF Noise Figure 1.1 2.5 dB 

| lYesl, Forward Transfer Admittance 40 45 mS 

| lYesls Forward Transfer Admittance AQ ms§ 

| NV Noise Voltage 35 mv 

| Ciss Input Capacitance 55 pF 

| Cres Feedback Capacitance 10 pF 
IGss Gate Cutoff Current —1.0 nA 

| VGSloff) Gate to Source Cutoff Voltage -1.2 V 





Classification of Ipse 
Rank K | L | _ 7 
a_i 








| 


50-12 | 11-18 17-24 








IpssimA) (23-30 | 


———————E—E 


loss Test Conditions: Vps =5.0 V, Vgs=0 





SS —— ai 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 





2SK162 












PACKAGE DIMENSIONS 


in millimeters (inches) 


S.2MAX, 
, (O.204MAN } 
= 


(0.216MAX.,} 






12.7MIN, 
(O.5MIN_) 








4.7 MAX, 
(0.165MA x) 
















1. DRAIN ElIAJ : SC-438 
2. GATE JEDEC : TO-92 
3. SOURCE IEC > PASS 






TEST CONDITIONS | 








Vps=5.0 V, VGs=0 | 
Vps=5.0 V, Ip =5.0 mA, Rg=100 2, | 
f=100 Hz | 
Vps=5.0 V, 1p =5.0 mA, f=1.0 kHz 
Vps=5.0 V, Vgsg=0, f=1.0 kHz 
see Test Circuit : 
Vps=10 V, Vgs=90, f=1.0 MHz 
Vps=10 V, Vgs=0, f=1.0 MHz 
Vags=—20 V, Vps=0 
Vos=5.0V,Ip=10uA 








NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


, 
ae 
areas 


mW 


AMD 


300 


Total Power Dissipation 





- ra SI ’ 1,490 ‘on 
0 25 50 75 109 125 LEC 


FORWARD TRANSFER ADMITTANCE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 


(CORRELATIVITY) 


mS 


Forward Transfer Admittance 





uw 
= LQ 2.0 5.0 10 20 50 LOG 
loss 7 fero- Gate Voltage Drain Current —mA 
‘nat! aah 


NOISE VOLTAGE TEST CIRCUIT 


. 
rag as 
wr | + 
4 15¢ ae 
5.0 més 





te to Source Cutoff Voltage 





DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 


-0.3 


0.4 


(CORRELATIVITY) 


rm 
aw 


i 


i 

c 

1 
| 


4 


2.0 50 10 20 


< 


lnss” -Zero-Gate Voltage Drain Current —mA 








urrent 


C 


Ip ~ Drain 


GATE TO SOURCE CUTOFF VOLTAGE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 


ye) ny 1A 
a oe wel i 30 


mS 


Forward Transfer Admittanre 


pF 


Input Capacitance 
Feedback Capacitance 


m. 
WES 


2SK162 





FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 


Se 


= 





610.2 05 1.02.0 5.0 10 20 
Ip- Drain Current —mA 


50 100 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 


| Veg = 
J f=1.0 MHz 


pF 


ut 
wn 
pa 





Drain tc Source Vaoltage- V 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK163 


NEC 


ELECTRON DEVICE 








DESCRIPTION The 2SK163 is designed for use in the first stage for AF Low 



















Noise amplifier. PACKAGE DIMENSIONS 
. in millimeters (inches) 
FEATURES @ Low Equivalent Noise Voltage. 52 MAX. | 
(0.204 MAX.) 
e,=1.3 nV/VHz TYP. (Vps=10 V, Ip =1.0 mA, f=1.0 kHz) [eae 
=a @ High Voltage and High [¥¢,| | zo ie | 
| | | -—- | 
Vosx > 50 V (Vegs =~2.0 V) ~ 2 
| eas | i=: 
l¥e.|>7.0 mS (Vps = 10 V, Ip =1.0 mA, f= 1.0 kHz) ae 
in 
i=) 
ABSOLUTE MAXIMUM RATINGS ae —}. 
45 
Maximum Temperatures (0.018) Fe 
|\== 
Storage Temperature ...............755to +125 °C = Su 
x = a 
Junction Temperature ........... +125 °C Maximum $= + 
_ wo 
Maximum Power Dissipation (Ta =25 °C) : rs 
ere , (0.05 er oe a 
Total Power Dissipation ............20e40085 400 mW sé 2S 
6 = = 
Maximum Voltages and Currents (Ta=25 C) le e 
<p — 
Vepo Gate to Drain Voltage .......... -50 V ee aE 
| _ | 1. DRAIN EIAJ : $C-43B 
Veso Gate to Source Voltage ....... -——B. a Gade ORGS Fate 
Vosx > Drain to Source Voltage ........50 V 3.SOURCE IEC : PA33 
ID Drain Current..........02::4. 30 mA 
Ig Gate Current .iics etic evccvee 10 mA 
Ves as 2.0 V 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
Ipss Zero-Gate Voltage Drain Current 1.0 8.0 18 mA. Vps=10 V, Veg=0 | 
en Equivalent Noise Voltage 1.3 nV/,/Hz Vps=10 V, Ip =1.0 mA, f =1.0 kHz | 
| Yel, Forward Transfer Admittance 7.0 9.0 mS Vos=10 V, Ip =1.0 mA, f =1.0 kHz 
| ¥fel. Forward Transfer Admittance 7.0 ms Vps=10 V, Vgs=0, f=1.0 kHz 
| NV Noise Voltage 20 mV see test circuit 
| Cics Input Capacitance 15 pF Vps=10 V, Ip =1.0 mA, f =1.0 MHz | 
| Crss Feedback Capacitance 6.0 pF Vos =10 V, Ip =1.0 mA, f =1.0 MHz 
| loss Gate Cutoff Current -1.0 nA ¥os=-20 V, Vps=0 | 
| VGSloff) Gate to Source Cutoff Voltage =~O.2 —1.2 Vv Vps=10 V, Ip=10 wA 


—— 


ae 7 
Rank 
= Dss (mA) 





cn 


50-10 — 90-14 | 13-18 


Ipsg Test Conditions: Vps=10 V, Vgg=0 





638 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Free Air 


Total Power Dissipation — mW 


Pr - 


0 25450 75. 100 125 150 
Ta — Ambient Temperature — °C 


GATE TO SOURCE CUTOFF VOLTAGE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 
(CORRELATIVITY) 


V 


= 10 a A 
Et Vps= 10 v 


memati HL Ip= 104A 


| 
im 
2 


— 1.0 be SossH eee 


O01 02 aE 10 20 50 10 20 50 100 


lnss —Zero-Gate Voltage Drain Current —- mA 


VaS(off) —Gate to Source Cutoff Voltage - 


NOISE VOLTAGE TEST CIRCUIT 


f=10 Hz—1.0 kHz 
(at Vge=—3.0 dB) 






DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 


mA 


In — Drain Current — 


: 


Na 
hi 





a 
L 


Od 
Vas — Gate to Source Voltage — ¥ 


FORWARD TRANSFER ADMITTANCE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 
(CORRELATIVITY) 


ms 
8 


2 ee ee Vos = t y 
Hat f=1.0 kHz 






Ceone: Yfsi) lip =1.0 ma) EHH 


20 Sassi eet memati 
ee 


nae =o 


Forward Transfer Admittance — 


| ¥ te| = 


0102 05 1020 50 10 20. 50 100 
Ings ~ Zero - Gate Voltage Drain Current—mA 


|Y¥fs| — Forward Transfer Admittance — mS 
= 


2SK163 





FORWARD TRANSFER ADMITTANCE 


vs. DRAIN CURRENT 







8 













“al 
er ut 


2.0 
1.0 


Ib - Drain Current — mA 


Seatiieeess Vps=10 ¥ 
en on Si f=10 kHz 


i one ‘saws Ti 

50 ee El ae 
Padilla eee 

Pt ROT 


445i Xi a 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK193 





ELECTRON DEVICE 





DESCRIPTION The 2SK193 is designed for use in FM tuner of a potable radio 














receiver. PACKAGE DIMENSIONS 
i in millimeters (inches) 
| 42 MAX 2.2 MAX, 
FEATURES @ High \Y¢,!; : 3.5 mS TYP. | ‘et eee 
. Vecl, (Vpg = 5.0 V, Ip = 0.5 mA, f= 1.0 kHz] } PPT yt ee 
Low C,.. | : 0.07 pF TYP. | le? | 2a 
Crss (Vps = 5.0 V, Vas = 0) ef Hes 
ABSOLUTE MAXIMUM RATINGS (0.016) o16) 
Maximum Temperatures Zz 
Storage Temperature ............ -55 to +150 °C \2a 
Junction Temperature .......... +150 °C Maximum “Ss | 
Maximum Power Dissipation (Ta= 25 °C) 
Total Power Dissipation.............. 250 mW | 
Maximum Voltages and Currents (Ta= 25 “C) ar 
Vepo Gate to Drain Voltage ......... -20 V eal saat vier 
Vaso Gate to Source Voltage ........ 710 =62~N : vod 1. GATE 
Vpsx” Drain to Source Voltage........ 20 V ie a a Ca 
Ip Drain: CONMENE. 220 eae k ees ws 10 mA 
Te Sate GUITENE 2.56 fod ee ets 10 mA ——— 


* Vos" —?7.5 V 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 






















SYMBOL CHARACTERISTIC MIN. TYP. MAX. TEST CONDITIONS 


Zero-Gate Voltage Drain Current Vos =5.0 V, Vag=0 


Mecl, Forward Transfer Admittance 2.3 3.5 mS Vos = 5.0 V, Ip =0.5 mA, f= 1.0 kHz 
IY esl, Forward Transfer Admittance ee | 6.5 ms Vos 75.0 V, Ves=0, f= 1.0 kHz 
Ciss Input Capacitance 5.0 Dia pF Vos = 5.0 V, Vog=0, f= 1.0 MHz 
Cree Feedback Capacitance 0.07 0.25 pF . Vos 75.0 V, Vgg=0, f= 1.0 MHz 
Coss Output Capacitance 4.5 6.0 pF Vps=5.0 V, Veg=0, f= 1.0 MHz 


Vps=5.0 V, Vesg=9, Zin, Zour = 50 2 
f= 100 MHz, See test circuit 

Vpg 75.0 V, Vas=0, Zin, Zqut = 50 2 
f= 100 MHz, See test circuit 

IGss Gate Cutoff Current 100 nA Veso=-0.5 V, Vons=0 


VGS(off) Vps=5.0 V, Ip =10 uA 


Gps Power Gair 13 21 dB 


NF Noise Figure 3.0 6.0 dB 


Gate to Source Cutoff Voltage 





Classification of Ipss 





0.75—-1.5 10-20 15~3.0 


lpss Test Conditions: Vps= 5.0 V, VGgs=90 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


Free Air 


P7—Total Power Dissipation— mW 





0 2 50 75 100 125 150 


Ta— Ambient Temperature—‘C 


Hee TRANSFER ADMITTANCE 
. DRAIN CURRENT 


Vpg =5.0V 
_f=!l. 0 kHz 


\¥Yfs|—Forward Transfer Admittance— ms. 





“0.1 02 #05 10 2.0 5.0 10 
In— Drain Current— mA 


DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 


Ip — Brain Current— mA 





ie on oe ete oe 0 
Veasg—Gate to Source Voltage—V 


FEEDBACK CAPACITANCE vs. 
DRAIN TO SOURCE VOLTAGE 


Ss 


At f=1, 0 Mi 
is po i 


Cregg Feedback Capacitance — pF 





“0.1 02 0.5 10 2.0 5,0 10 
Vog~—Drain to Source Voltage—V 


NOISE FIGURE and POWER GAIN 


TEST CIRCUIT (f= 100 MHz) 





3p QUT 
50 oO 


2SK193 





GATE TO SOURCE CUTOFF 
VOLTAGE vs. ZERO-GATE VOLTAGE 
>DRAIN CURRENT 


nie: 10 SS SSE ee Bee ee ee ET 





— 

» + Vpg=5.0 V 

S -5,.0 ——_—_++++ tt Ip=10 pA 

= ‘ =a = ig | 

= BERGE LT 
32.0} 

wv itil | | | 

hl | ( 

= —]j 0 Se SS at 
on af > mee 
2-95 Po 
a em a | 
= a 
a 

| 0.2 

I 

as | } | 

6 ~9, 1! - ! - aa 
2 0.1 02 05 10 20 50 1a 


Ipgg—Zero-Gate Voltage Drain Current— mA 
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iD) 


ELECTRON DEVICE 


N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK194 





ar Ss 





DESCRIPTION The 25K194 is designed for use in the first stage for 














| 
differential amplifier. | PACKAGE DIMENSIONS 
Especially recommended Hi-Fi STEREO SETS. | in millimeters (inches) 
FEATURES ® Super-Low Noise | 96 MAX. | By MAA. 
e, = 0.65 nV//Hz TYP. @ Vpg=5.0 V, | pee pee “ 
= Ip = 5.0 mA, f= 1.0 kHz | wat = 
® High Vee! | 33] 
Yel=45 mS @ Vps=5.0 V, Ip =5.0 mA, | | 
f=1.0 kHz | cm 
@ Excellent pair balance _| 
AVes = 20 mV MAX. 44 
V;<.| Ratio=0.95 MAX. 2 | 
@ Vps =5.0 V, Ip =5.0 mA | SS) 
| 
ABSOLUTE MAXIMUM RATINGS ae! 
Maximum Temperatures 
Storage Temperature ......... 00000 eee nee —55 to +125 °C 
Junction Temperature ..........2...00005 +125 °C Maximum 
Maximum Power Dissipation (Ta = 25 "C) 
Total Power Dissipation ...............0 0000 400 mW/Unit 
Maximum Voltages and Currents (Ta = 25 °C) 
VGpo Gate to Drain Voltage ...............-.. —40 V 1. SOURCE 4. DRAIN 2 
Veso Gate to Source Voltage ........... ee a ee = taal ig = facial : 
Vosx Drain to Source Voltage ...........006% 40 V 7 
ID EAI CARI. = Slee 6 & Bcd ud eres a 2 wee & 50 mA = 
Te Gate COMENG cose eescian coe 5 Lae eee ee 10 mA 
*VGs =-3.0 V 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


















SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
Ipss Zero-Gate Voltage Drain Current 5.0 24 mA Vps=5.0 V, Vos =0 
IDSs(s) Vps=5.0 V, Vgs=0 
nT Zero-Gate Voltage Drain Current Ratio 0.9 1.0 bs = -_ BS 

IDSS(LI Dssis)/'!DSS{L) 


Ve, | : Forward Transfer Admittance 40 45 ms Vps =5.0 V, Ip =5.0 mA, f=1.0 kHz 
eel | | 
s'($) =5, =6. =1. 
————— Forward Transfer Admittance Ratio 0.95 1.0 Me ? vet ID Sn ee 
Yes l¢L) fs'(S)/!¥#s(L) 


Vos =5.0 V, Ip =5.0 mA 


AVes Gate to Source Voltage Difference 3.0 20 mV WV exec |Nasiey 

NV Noise Voltage 25 35 mV see Test Circuit 

Cisse Input Capacitance 55 pF Vps=10 V, Vgg=0, f=1.0 MHz 
Cres Feedback Capacitance 10 pF Vps=10 V, Vgg=0, f= 1.0 MHz 
VGSloff) Gate to Source Cutoff Voltage 42 V Vpg=5.0 V, Ip =10 uA 





IGss Gate Cutoff Current =T 0) nA VGos=-20 V, Vps=0 
«(S) : The Smaller Value, (L) : The Larger of pair . Oe 


Classification of Ipss 
K | ot Mo 


20-12 | 11-18 | 17—24 






Ipsg Test Conditions : Vpg=5.0 V, Vgg=0 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


mW 


P7—Total Power Dissipation 





0 25 50 nn (nn Fs Ls 
Ta—Ambient Temperature —-°C 


FORWARD TRANSFER ADMITTANCE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 
(CORRELATIVITY) 








2SK194 





DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 





2 
| —— tt — 
a cases a it Peer 
3 a oat ‘nommaatt | 
ss 5 Rae ieee aac mani 
eg ™C TM Seine 
oo 7 <= ——— a an a ae a ; 4 ++ — a a a 
= 5 a 
= = Enh EE 
a = He itis 
2 os oer 
ram] hi Ses. cae 
| ia] a 
fa z 
re =) 
ddan 
I 
- | ae 7 S ol 0.2 05 1.02.0 5.0 10 20 50 100 
=0.6 : 0.5 0.4 -0.3 : O.2 . O.1 +f) Ip —Drain Current —mé 
Vos —Gate to Source Voltage —V 
GATE TO SOURCE CUTOFF VOLTAGE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT INPUT AND FEEDBACK CAPACITANCE 
{(CORRELATIVITY) vs. DRAIN TO SOURCE VOLTAGE 





E , ra 
' a - 
. a 
2 2 L @ 
= ma Oo wu 
: : g 5 
= ‘6 28 
<= = 7 

3 = 3 
5 ; ae 
‘7 o oa 
a 5 S38 
: f F 
q | 
z 2 | 
5 5 8 8 
‘fa : Oo 
z aan 5 -o1b ti id =, 50 00 
mz 610 «(20 50 10 20 +50 100 = 1.0 2.0 a CE 50100 10 20 5.0 0 2 50 «100 

C9 a : | 

Ingg ~ Zero-Gate Voltage Drain Current -mA = Ings ~Zero-Gate Voltage Drain Current ~mA ese" Erie Se PoMnee. Venema 
NOISE VOLTAGE TEST CIRCUIT 
aT a Vy 
eer Vps#4—5 V,Ip=5.0 mA,Rg=0 
~~ NVir.ms., 









f=100 Hz~1.0 kHz | 
(at Vge=—3.0 dB) 


Vo =120 4B 
FLAT 
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DESCRIPTION The 2SK195 is designed for use in FM tuner of a potable 


radio receiver. 


FEATURES @ High l¥¢.l, | ao tis) VP; 
(Vos = 5.0 V, Ip =0.5 mA, f= 1.0 kHz) 


(Vps = 5.0 V, Ves =90] 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............... —55 to +125 °C 
Junction Temperature ..... tee eee $125 °C Maximum 


Maximum Power Dissipation (Ta =25 °C) 


Total Power Dissipation ............0.05. 250 mW 
Maximum Voltages and Currents (Ta=25 °C} 

VGpo Gate to Drain Voltage .......... -20 V 

VGso Gate to Source Voltage ........ L110. V 

Vosx Drain to Source Voitage ........ 20 V 

Ip Drain Cunent : is.a saw nw ade s 10 mA 

le Gate CUITENT 2. ba 10 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT 
J—_— ~~ - - - - = . — - ——— —_ = ee lei Piesiechiaemeee a : = 
| Ipss Zero-Gate Voltage Drain Current 0.5 2.5 8.0 mA 
| |¥¢cl, Forward Transfer Admittance 2.3 3.5 mS 
| [¥eel. Forward Transfer Admittance 2.3 ms 
Ciss Input Capacitance 5.0 6.5 pF 
— Feedback Capacitance 0.07 0.25 pF 
| Cogs Output Capacitance 4.5 6.0 pF 
| Gps Power Gain 13 21 dB 

NF Noise Figure 3.0 6.0 dB 

loss Gate Cutoff Current -100 nA 
| V GSloff) Gate to Source Cutoff Voltage =2.0 V 








Classification of loss 
| Rank | E | F H J | 


| 


ee eee —— ae eee 


| IpssimA) | 05-15 — 10-30 | 20-60 | 40-80 | 
oe : : = L 4__ : 


Ipsg Test Conditions: Vpg=5.0 V, Vgg=0 
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peice eee 
PACKAGE DIMENSIONS 


in millimeters (inches) 


fo ® Low Cress : 0.07 pF TYP. 


NEC /N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 
ELECTRON DEVICE 


2SK195 


5.2 MAX. 
(0.204 MAX.) - 
ecient aoe: | 


(0.216 MAX.) 





(0.165 MAX.) 


1. GATE EIAJ : SC-43B 


2. SOURCE JEDEC : To-92 
3. DRAIN IEC > PASS 





TEST CONDITIONS 


Vos=5.0 V, Vgs=0 
Vps=5.0 V, Ip =0.5 mA, f=1.0 kHz 
Vps=5.0 V, VGs=0, f=1.0 kHz 
Vps=5.0 V, Vgs=0, f=1.0 MHz 
Vps=5.0 V, Vgs=0, f=1.0 MHz 
Vps=5.0 V, VGs=0, f=1.0 MHz 
Vps=5.0 V, VGs=90, Zin, Zour =50 & 
f=100 MHz, See test circuit 

Vps=5.0 V, VGs=9, Zin, Zqut=50 22 
f=100 MHz, See test circuit 
VGgs=—9.5 V, Vos=0 
Vps=5.0 V, Ilp=10 uA 





-== =a 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


mn 






Py— Total Power Dissipation 





0 25 50 75 100 125 150 
Ta— Ambient Temperature — ‘°C 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 


mS 






l¥¢s| Forward Transfer Admittance 





0.1 0,2 0.5 1.0 2.0 5,0 
lp— Drain Current— mA 


DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 


6.0 








Iln-- Drain Current—mA 





-1.2 -1.0 -0.8 -0.6 -0.4-0.2 0 
Veg—Gate to Source Voltage—V 


FEEDBACK CAPACITANCE vs. 
DRAIN TO SOURCE VOLTAGE 








Crgg— Feedback Capacitance — pF 





0.1 0.2 0.5 1.0 2.0 5.0 10 
Vos—Drain to Source Voltage—V 


NOISE FIGURE and POWER GAIN 


TEST CIRCUIT (f= 100 MHz) 





3p OUT 


Vpp =9.C V 


2SK195 





GATE TO SOURCE CUTOFF 
VOLTAGE vs. ZERO-GATE VOLTAGE 
>DRAIN CURRENT 





» —10 

tet] 

S 

S50 

= 

iS) 

o -2.0| 

iva) 

va 

2° 1.0 

on) 

2-65 

a 

4 

pas] 

]_=6.2 

cc 

a) 

wo -O 1 |__| 
Bead 0.1 0.2 05 1.0 2.0 50 10 


losg~— Zero-Gate Voltage Drain Current— mA 
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NEC 


ELECTRON DEVICE 





The 2SK505 is designed for use in VIDEO stage Low Noise 


amplifier. 


DESCRIPTION 


FEATURES ® High |Y¢s| 

lYts| = 26 mS TYP. (Vps = 5.0 V, Veg= 0, f = 1.0 kHz} 
m @ Low Cijss 
; Cjss= 4.8 pF TYP. (Vps = 9.0 V, Ip = 10 mA, 


f = 1.0 MHz) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 















Storage Temperature ............006. —65 to 150 °C 
Junction Temperature .......... +150 °C Maximum 
Maximum Power Dissipation (Tg = 25 “C) 
Total Power Dissipation ..............00. 400 mW 
Maximum Voltages and Currents (Ta = 25 °C) 
VGpoO Gate to Drain Voltage ............. —-15 Vv 
VGSO Gate to Source Voltage ........... —15V 
Vpxs° Drain to Source Voltage .......... ~=- + 1I5¥V 
ID RAIN GURTENE: essiis eed aw eoeds ee aos 50 mA 
IG Sale GUrrent. acs S-c ex cia deka udedawd 5 mA 
*VGgs=40V 
ELECTRICAL CHARACTERISTICS (T, = 25 C) 
SYMBOL CHARACTERISTIC = ~~ MIN. —__—*TYP MAX. UNIT 
Ipss —s~dDrain Current 10 20 40, mA 
Forward Transfer Admittance 14 19 ms 
Forward Transfer Admittance 14 26 ms 
Input Capacitance 4.8 pF 
Feedback Capacitance 1.6 pF 
loss Gate Cutoff Current —1.0 nA 
| VGSloff) Gate to Source Cutoff Voltage —0.6 —14 —3.0 V 








Classification of IDss 


IDSS(mA) | 











:Vps =5.0V, Vgsg 70 


Ipssg Test Conditions 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 





2SK505 





PACKAGE DIMENSIONS 


in millimeters (inches) 







9.2 MAX, 
(0.204 MAX.) 





(0.05 MIN.) (0,216 MAX. } 





(0.165 MAX.) 


: $C-43B 
; TO-92 
PA33 


1. DRAIN EIAJ 
2. SOURCE JEDEC 


3. GATE IEC : 








‘TEST CONDITIONS 

Vps = 5.0 V, Veg =0 

Vps = 5.0 V, Ip = 10 mA, f = 1.0 kHz 
Vps = 5.0 V, Veg = 0, f = 1.0 kHz 
Vps = 5.0 V, lp = 10 mA, f = 1.0 MHz | 
Vps = 5.0 V, Ip = 10 mA, f= 1.0 MHz | 
Vos =—10 V, Vps=0 | 
Vps =5.0 V, Ip = 10 nA | 









NEC trectron oevice | 2SK505 


TYPICAL CHARACTERISTICS (Ta=25 °C) 








TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs. | DRAIN CURRENT vs. 
AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE GATE TO SOURCE VOLTAGE 

= 

5 : : 
E 7 5 
a = 2 
S 5 S 
o = c 
a a rc) 
® a ; 
fe | . | 
= a 
a ; 

0 25. 50 75 100 125 150 | | | 
T, — Ambient Temperature — °C 0 5 © «*0 is Fs 72). =1.6°5 -1:2 -08 ~-04 #0 
Vos — Drain to Source Voltage — V Vos — Gate to Source Voltage — V 

GATE TO SOURCE CUTOFF VOLTAGE vs. FORWARD TRANSFER ADMITTANCE vs. INPUT AND FEEDBACK CAPACITANCE vs. 
DRAIN CURRENT (CORRELATIVITY) DRAIN CURRENT (CORRELATIVITY) DRAIN TO SOURCE VOLTAGE 

=> w 

| © UL 

Se Ip=10 wA : | . re 

He | 

d S500 ee Reo = » & 

is Limam 3 cg 

5 - & 

5 Co waslllis : 38 

3g | 7 QO x 

= = 5 83 a 

Z : 5 3 TE 

OQ oO ag Limes 

io Pt a= LL Se Se ae a 

2 || aa a 

Q 9 g F a | 

| Sani "i | Od re ee 

= 5 10 20 #450 100 a 5 i 20 100 mek 

< loss — Drain Current — mA > lpssg — Drain Current — mA ae Z - ee 

a) = Vos — Drain to Source Voliage — V 
=> 
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NEC 


ELECTRON DEVICE 











DESCRIPTION 


amplifier. 


@ High IYesl 


The 2SK507 is designed for use in VIDEO stage Low Noise 


N-CHANNEL JUNCTION FIELD EFFFCT TRANSISTOR 


\Yf5| = 26 mS TYP. (Vps = 5.0 V, Vgs = 0, f = 1.0 kHz) 


e@ Low Ciss 


Ciss = 4.8 pF TYP. (Vps = 5.0 V, Ip = 


f= 1.0 MHz) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature 
Junction Temperature 


Maximum Power Dissipation (Ta = 25 ~C} 


Total Power Dissipation 


Maximum Voltages and Currents (Ta = 25 °C) 


VGDO Gate to Drain Voltage 
VGSO Gate to Source Voltage 
Vpsx” Drain to Source Voltage 


Ip Drain Current 
ic Gate Current 
*V6s=—4.0V 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 














SYMBOL CHARACTERISTIC MIN 
Drain Current 10 
Forward Transfer Admittance 14 
Forward Transfer Admittance 14 
Input Capacitance 
Feedback Capacitance 
Gate Cutoff Current 
—0.6 





| VGS(off) Gate to Source Cutoff Voltage 






Classification of Ipss 
| Rank 


IDSss(mA) 





lpsg Test Conditions: Vps=5.0 V, V@s=0 
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=——_--—---- 
: 


| PACKAGE DIMENSIONS NS | 









2SK507 








in millimeters (inches) 


















4.2 MAX. 2.2 MAX. 
(0.165 MAX.) (0.086 MAX.) | 
@ car 
a | 
| 
ie | 
10 mA, eat 
8, 
ZF 
Pe eee eee —65 to +150 “C = 
ra . wom) 
ore +150 “C Maximum vg 
2S 
d hete ign, pare erie anak 350 mW 
on ed aren ate —15 V 
Sea eeRnannad —~15 V 
Sedna eo wees 15V -O 
—o 1. DRAIN 
bcteth echt elt og toes th gata dows, | Sk 2 GATE 
die Boer seve ahaa cet ace e 5 mA 3. SOURCE 
TYP. MAX, UNIT TEST CONDITIONS 
20 40, mA Vps=5.0 V, Veg=0 
19 ms Vps=5.0 V, Ip=10 mA, f=1.0 kHz 
26 ms Vps=5.0 V, Vgs=0, f=1.0 kHz | 
48 pF Vps=5.0 V, Ip=10 mA, f=1.0 MHz 
1.6 pF Vps=5.0 V, [p=10 mA, f=1.0 MHz 
-1.0 nA Vgs=—10 V, Vps=0 
—1.4 —3.0 V Vos=5.0 V, ID* 10 wA 


ae a 





NEC ttectron vevice 2SK507 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs, CRAIN CURRENT vs. DRAIN CURRENT vs. 
AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE GATE TO SOURCE VOLTAGE 
a EERE oe Is | | | Free Air al ie eee Ge Cn ce | 


500 coo - |p ves 








Ip — Drain Current —mA 
cn 
} tt 
= —— 
| | 
{ 
| 
| 
D 
aE 
< 


Py — Total Power Dissipation — mW 
Ip - Drain Current — mA 





| | iz _|__ = | 6 

| , Cc | — 

100 per . =e | | | | 
5 Se 0.8 V- 
CHEE aNe eS ae 

O 25 50 75 100 125 150 A= = 

* <2 ek a 2 a eo 
T, — Ambient Temperature — °C 0 5 10 15 —2.0 -16 -1.22 -0.8 —-0.4 0 
Vbs — Drain to Source Voltage —V VGs = Gate to Source Voltage — Vf 


GATE TO SOURCE CUTOFF VOLTAGE vs. FORWARD TRANSFER ADMITTANCE vs. INPUT AND FEEDBACK CAPACITANCE vs. 
DRAIN CURRENT (CORRELATIVITY) DRAIN CURRENT (CORRELATIVITY} DRAIN TO SOURCE VOLTAGE 


ID= 10 mA 
i —s phils 


204 





Man 
—0, ft = - 





Cisg — Input Capacitance — pF 
Creg — Feedback Capacitance — pF 


20 5O 86100 
us — Drain Current — mA 


5 10 20 50 ao 
lpsg — Drain Current — mA 





VGS(aff) — Gate to Source Cutoff Vaitage — V 
IY fs| -— Forward Transfer Admittance — mS 


Vos — Drain to Source Voltage — V 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK518 


NE 


ELECTRON DEVICE 









—eeeaessaoo SSS 


DESCRIPTION The 2SK518 is designed for use in RF amplifier of an electronic J PACKAGE DIMENSIONS 











tuning AM radio receiver. It has excellent cross modulation | iv Fria tors Tinches) 
distortion characteristic compared with that of a conventional | 52 MAX. 
FET (2SK193, 2SK163 etc.) at AGC circuit of a cascade type. | aces erie 
FEATURES -_ ® An improvement of X-mod. (19 to 20 dB). | Tl #¢.2 
fy = 1.0 MHz, f, = 1.04 MHz ) | 1 | 5 | 
Vinig) = 60 dBLY, viniy) = 120 dBuV ! los | 
®@ High lye. |; | | “3 | 
lyfs li = 17mS TYP. (Vps = 10 V, Ip = 30 mA, f = 1.0 kHz) | 045 fon 
| | ILICTF 018) = 
ABSOLUTE MAXIMUM RATINGS | Ht xe [ae | 
Maximum Temperatures | oiot J oU_ pp | 
Storage Temperature.... .......... —65to+150°C | 127) Lee SS | 
Junction Temperature ............. 150°C Maximum ie oe yb Fx | 
Maximum Power Dissipation (Tg = 25 “C) | — FJ | 
Total Power Dissipation ............0000005 400 mW | 3s | 
Maximum Voltages and Currents (Ta = 25 °C) | ~ | 
Vo6po Gate to Drain Voltage ......... -~-30 V | 7 ioe pe epi | 
Voeso Gate to Source Voltage ........ —-30 V re SOURCE IEC : PA33 
Vosx” Drain to Source Voltage........ 30 V — 
lpipc) DSI GUTGM aes SS es atatan 50 mA 
l D(puise) rg 2) ee 110 mA 
*Voes=—-—10%V 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
'SYMBOL___CHARACTERISTIC_ MIN. TYP. MAX. —_UNIT 






TEST CONDITIONS 


















lposs** Zero-Gate Voitage Drain Current 30 60 410 mA “Vps = 10 V, Vas =0 

(Yee, ** Forward Transfer Admittance 17 ms Vps=10 V, Ip = 30 mA, f = 1.0 kHz 
Feed? Forward Transfer Admittance 22 ms Vps = 10 V, Ves = 0, f= 1.0 kHz 
Ciss Input Capacitance 6.0 pF Vps= 10 V, Ip = 10 mA, f = 1.0 MHz 
coe Feedback Capacitance 2.0 pF Vps = 10 V, Ip = 10 mA, f = 1.0 MHz 
loss Gate Cutoff Current —1.0 n& VGs = —20 V, Vps=0 

VGSiloff) Gate to Source Cutoff Voltage Vps= 10 V, Ip = 10KA 





**Pulsed: Pulse Width <1 ms, Duty Cycle <1 % 


Classification of Ipss 





Ee I - 


J K 


301050 | 451065 60t080 | 75t095 | 


Test Conditions: Vps = 10 V, VGgs = 0 (Pulsed: Pulse Width < 1 ms, Duty Cycle <1 %] 
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NEC ttectron oevice 2SK518 





TYPICAL CHARACTERISTICS (T, = 25 ‘C) 











TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs. DRAIN CURRENT vs. 
ie BIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE GATE TO SOURCE VOLTAGE 
oat cal Bee Gre © : | 
E seal ie | fee Bee, hi Lae mn Pulsed 
5 € 
: < : 
a = — 
2 | c 
: a ane 2d a ne eal ae = 
= a o 
he 2 l= 
3 : ‘ 
a — ra 
- | 
2 7 a 
= a 
b= 
ou | | | | 
= = | ] q = _ iz | | 
0 25 50 75 100 125 150 0 4 8 I 16 Vgs~Gate to Source Voltage—V 
Ta~Ambient Temperature — °c Vps~ Drain to Source Voltage-V 
FORWARD TRANSFER ADMITTANCE GATE TO SOURCE CUTOFF VOLTAGE 
vs. ZERO-GATE VOLTAGE DRAIN vs. ZERO-GATE VOLTAGE DRAIN INPUT AND FEEDBACK CAPACITANCE 


CURRENT CURRENT vs. DRAIN TO SOURCE VOLTAGE 

T_T _{ 7 1 %0s = ‘10 V 

jj fj |) Wf =10 kHz 
Pulsed 


= 
=) 


— 
° 


~Forward Transfer Admitance~ mS 
ro 
Oo 





Cjsg Input Capacitance — pF 
Cres ~ Feedback Capacitance —pF 





= 
pe in 


2s — 
~ 20 50 100 200 
Ipss~ Zero-Gate Voltage Drain Current—mA 


Va@soft) Gate to Source Cutoff Voltage -V 


loss Zero-Gate Voltage Drain Current—mA Vps—Drain to Source Voltage —V 


Ron vs. ZERO-GATE VOLTAGE 
DRAIN CURRENT 





| YDS: 0.1 VI 


)) 
st 
°o 
oO 





Ron ON Resistance 


‘10 20 50 +100 
Ipss_Zero-Gate Voltage Drain Current—mA 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK519 


FE 


ELECTRON DEVICE 





















DESCRIPTION The 2SK519 is designed for use in RF amplifier of an electronic | PACKAGE DIMENSIONS 
tuning AM radio receiver. It has excellent cross modulation | in millimeters (inches) 
distortion characteristic compared with that of a conventional 4.2 MAX. 2.2 MAX. 
FET (2SK193, 2SK163 etc.) at AGC circuit of a cascade type. Ce ee : 

ee ee Se ee Ee 
eae tes | 

FEATURES ~.- © An improvement of X-mod. (19 to 20 dB). Al fe |Z "| 

‘fy = 1.0 MHz, fy = 1.04 MHz \ iS | 
\Vinig) = 60 ABHV, Vin) = 120 dBuV/ | 

@ High | y¢sh | 
Ives ly = 17 mS TYP. (Vps = 10 V, Ip = 30 mA, f = 1.0 kHz) FE | 

| 8 | 

ABSOLUTE MAXIMUM RATINGS | NS | 
Maximum Temperatures. | | 

Storage Temperature...........,... —65 to +150 °C | 
Junction Temperature ............. 150 °C Maximum | ' | 
Maximum Power Dissipation (Ta = 25 °C) | oO STB 70 _ 7 
Total Power Dissipation. ...............000- 350 mW | ai . A: 
Maximum Voltages and Currents (Ta = 25 °C) | pe — ee) , 0 2 
Veapo Gate to Drain Voltage .........7-30 V | \ AY GS 
Veso Gate to Source Voltage ........ -30 V eee 7 ithe 
Vosx * Drain to Source Voltage........ 30 V 3. SOURCE 
Ipb(pc) Drain GUIent: sane isa'se 4 i ees 50 mA SS SS 
| (pulse) Pra Cuyent: occa aa ce SERS 110 mA 


a ~—10V 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 




























} SYMBOL | CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
lpss** Zero-Gate Voltage DrainCurrent 30 60 110 mA Vpg=10V,VGs=0 oe 
Weal Forward Transfer Admittance 17 ms Vps=10V, Ip=30mA, f = 1.0 kHz 

Vel, ** Forward Transfer Admittance 22 ms Vps = 10V, Ves = 0, f = 1.0 kHz 
Cics Input Capacitance 6.0 pF Vps = 10 V, lp = 10mA, f = 1.0 MHz 
Cres Feedback Capacitance 2.0 pF Vps= 10 V, Vgs = 0, f = 1.0 MHz 
loss Gate Cutoff Current ~1.0 nA VGs=-20V,Vps=0 

VGSloff) Gate to Source Cutoff Voltage —1.5 —4.0 —9.0 V Vps=10V,Ip=10uA 





** Pulse Width <1 ms, Duty Cycle <1 % 


Classification of Ipss 






Test Conditions: Vps = 10 V, Vcs =O (Pulsed: Pulse Width < 1 ms, Duty Cycle = 1 %)} 
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NEC ELECTRON DEVICE 


2SK519 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 
500, 





fe. 

=] 

=] 
| 


200 






Py—Total Power Dissipation—mW 






0 25 50 75 100 125 150 
Tz Ambient Temperature--°C 


FORWARD TRANSFER ADMITTANCE 
vs. ZERO-GATE VOLTAGE DRAIN 
CURRENT 





Vpos—=10 V 
f=1.0 kHz 
Pulsed 









++4—++H 





Yeo|—Forward Transfer Admitance —m5S 


200 
Ipss— Zero-Gate Voitage Drain Current~mA 


ON RESISTANCE vs. ZERO-GATE 
VOLTAGE DRAIN CURRENT 





= 
a 
oa 


Ron ON Resistance—Q 


lpss~ Zero-Gate Voltage Drain Current—mA 


Vas(off)~ Gate to Source Cutoff Voltage—Vv 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 


DRAIN CURRENT vs. 
GATE 170 SOURCE VOLTAGE 


Pulsed 


Ss a 







—— 


i! 
a ee eee | 





Ip Drain Current—mA 
fs. 
o 
Ip — Drain Current —mA 


4.0 —2.0 0 
Vgsg Gate to Source Voltage—V 


—6.0 





0 4 8 12 16 
Vps~ Drain to Source Voltage—V 


GATE TO SOURCE CUTOFF VOLTAGE 
vs. ZERO-GATE VOLTAGE DRAIN 
CURRENT 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 





20} 


sof 
a 
oe +4. A Pas sadia al 
Diy itl | | 
24—+— tpt Cs 


Cjgg—Input Capacitance — pF 
Cres —Feedback Capacitance—pF 


100 


“10. +20 50 
Ipsg— Zero-Gate Voltage Drain Current—mA 


200 


50 10 20 50 
Yps~ Drain to Source Voltage—V 
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N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


2SK514 


K | 


ELECTRON DEVICE 











DESCRIPTION The 25K514 is designed for use in analog-switch, variable-resistor — ~ | 
PACKAGE DIMENSIONS | 
| 


and AF lifier. | 
amplifier | in millimeters (inches) 


4.2 MAX. 2.2 MAX. 
(0.165 MAX.) (0,086 MAX.) 
—s| —— 


























FEATURES ® Low cost type FET. od | 
ae | 
- == | 
[vd | 
ABSOLUTE MAXIMUM RATINGS OS 
Maximum Temperatures 
storage Temperature ............... | Hitt o, | | 
Junction Temperature ............ zz | 
' 2 ar * * : = 1 
Maximum Power Dissipation (Ta =25 °C) nm 
Total Power Dissipation ................. "s 
Maximum Voltages and Currents (T, = 25 °C) 
Gate to Drain Voltage VED 642 ses howe 
Gate to Source Voltage Voeso ...........- 
Drain to Source Voltage Vosy” ........-.. 
Drain Current tacos Dwele be & Lay k 
Gate Current Ic ja Mie BBS is & os ate & 10 , “tr : 1. DRAIN 
x 7 2. GATE 
VGs =~ 3. SOURCE 
ELECTRICAL CHARACTERISTICS (Ta=25 “C) 
ee ee ee eee ae a es nee 
SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS | 
| loss Gate Cutoff Current mee nA VGsg=—-30 V, Vps=0 
| Ipss Zero-Gate Voltage Drain Current 1.0 3.5 12 mA Vps=5.0 V, Vgs=a 
| VGS(off) Gate to Source Cutoff Voltage -0.5 -1.7 -4.5 V Vps=5.0 V, Ip =0.1 uA 
1 Vey Forward Transfer Admittance 1.2 1.8 mS Vps = 5.0 V, Ip =0.5 mA, f= 1.0 kHz | 
Yes | 2 Forward Transfer Admittance 1.4 4.1 ms Vos =5.0 V, Vgsg =O, f= 1.0 kHz | 
| Ciss Input Capacitance 6.0 8.0 pF Vps=10 V, Vgg=9, f= 1.0 MHz | 
| Crss Feedback Capacitance 1.5 25 pF Vpos=10 V, Vgs=90, f= 1.0 MHz | 


Classification of Ipss 
| Rank | E 
IDSS(mA) | 10-20 
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NEC ctectron oevice | | 2SK514 


TYPICAL CHARACTERISTICS (T,=25 °C unless otherwise noted) 








TOTAL POWER DISSIPATION DRAIN CURRENT vs. , DRAIN CURRENT vs. 
vs. AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE DRAIN TO SOURGE VOLTAGE 
= 
E 
5 
= = «I 
ol E E 
7 is | 
B 5 = 
2 oO 3 
ao £ c 
= « 3 
oa en = 
ie | . 
| oo co 
a £ 
oO. 
0 25 «450 75 #100 125 150 
T.—Ambient Temperature — “C 0 5 10 15 20 25 30 
Vos —Drain to Source Voltage —V Vos —Drain to Source Voltage — V 
FORWARD TRANSFER 
DRAIN CURRENT vs. DRAIN CURRENT vs. ADMITTANCE vs. GATE 
DRAIN TO SOURCE VOLTAGE GATE TO SOURCE VOLTAGE TO SOURCE VOLTAGE 
— 250 : = : | 
Pt ane 7 
200+ Vgs =0- 
att ete 
1S0-——— e 
<r ' < £ 
TTT val AZ of : 
LLC 
5 | 50} 1s 35 oe 
es i é ' | = v 
a | —80 -60 —40 —20 Bey |! Vv A G 
© ~16 LA : 20 40 = 80 e s 
: - ‘ 
é am Aan 5 8 
o| A J | |. “+++ 2 : 
7A A pee r 
ves of ae on = 
| ied ath -20 -16 -12 -08 —04 0 | 
Vos Drain to Source oltage im Vas- Gate to Source Voltage Ae Vag — Gate to Source Voltage =) 
FORWARD TRANSFER GATE TO SOURCE CUTOFF FORWARD TRANSFER 
ADMITTANCE vs. VOLTAGE vs. ZERO-GATE ADMITTANCE vs. ZERO-GATE 
DRAIN CURRENT 


VOLTAGE DRAIN CURRENT VOLTAGE DRAIN CURRENT 


ee ee es ee = 

ee Vos =5.0 Vv | 
C—O 
Pt} 4 tt} + Le 
{| TT Sant 


= 1 thee eH Tir TT TT 
pasties et mani 


mPa 















= Se i 
ote oth 
ite SHH 


—Forward Transter Admittance —mS 





VGs(off) ~ Gate to Source Cutoff Voltage —V 
lyf, Forward Transfer Admittance —mS 


(ESOC ewe el a 0 0 A a oH 
0.5 |-— SSE HHS EHH 
g Eo ee | 05 1 2 5 10 
— 1 a2 0.5 1 Z 5 10 O5 1 2 5 10 20 Inss —Zero-Gate Voltage Drain Current —mA 


In —Drain Current —mA longs —Zero-Gate Voltage Drain Current —mA 
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2SK514 NEC tcectron oevice 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 











—— ee == +— =e eee ss 
H = ca A 

Te . i 

o tH 
w 
a 9 20 

= 
o-= 19 
wm 
ce 
oe 5 
= We x, 
Oo © T 
Ba | 
6 a 2 
C x 
ka 1 
> » 
c. 
cu qs 

i 





Ciss 

Crs 
eo. 
ha 


0102 G5 1 2 #5 i0 20 
Vog ~Drain to Source Voltage ~-V 
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NE Cc / N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


ELECTRON DEVICE 2 S K iw 2 3 











——— 


DESCRIPTION The 2SK523 is designed for use in the first stage for AF Low - 


ABSOLUTE MAXIMUM RATINGS 


Noise amplifier. "PACKAGE DIMENSIONS 
‘ | in millimeters (inches) 
FEATURES ® Low Equivalent Noise Voltage. 52 MAX. 
en =1.3 nV/VHz TYP. (Vps=10 V, Ip =1.0 mA, f=1.0 kHz] ee 
= ® High Voltage and High |¥;,| a 
Vosx > 50 V (Ves =-2.0 V) | x > 
r = 
¥¢,1>7.0 mS (Vps =10 V, Ip =1.0 mA, f=1.0 kHz) | ae 
| eS 
| 
| 





S| 
= 
cn 
| 
i tan 











Maximum Temperatures | WT (0.018) ez 
Storage Temperature .......... pe acae —55 to +125 °C | | 4 = ae | 
Junction Temperature ........... +125 °C Maximum | 2.54 | _s ae | - | 

Maximum Power Dissipation (Ta=25 °C} | | Rs | 
Total Power Dissipation..............44. 400 mW | % | 

Maximum Voltages and Currents (Tg= 25 ~C) | - | 
Vepo Gate to Drain Voltage .......... -60 V | S 
Veso Gate to Source Voltage ..... ve TOO UY | zy Space eae 7 =e 
Vosx * Drain to Source Voltage ........ 50 «=O | 3. GATE IEC —-: PA33 
Ip Drain: GUMBRE Ss 665 oka So eS 30 mA L. sf 
Ic sate UIPent. be hue. 4d eee & 10 mA 

*Ves=-2.0 V 


ELECTRICAL CHARACTERISTICS (T,=25 °C) 


Sr 


ew Se ee ee 











SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
loss Drain Current 1.0 8.0 18 mA Vpg7t0 V, Vgs=0 | 
en Equivalent Noise Voltage 1.3 nV/,/Hz Vpsg=10 V, Ip=1.0 mA, f =1.0 kHz | 
IYesl, Forward Transfer Admittance 7.0 9.0 ms Vps=10 V, Ip =1.0 mA, f =1.0 kHz | 
IVecla Forward Transfer Admittance 7.0 mS Vpos=10 V, Ves =0, f =1.0 kHz | 
NV Noise Voltage 20 mV see test circuit 
Ciss input Capacitance 13 pF Vps=10 V, Vgs=0, f=1.0 MHz 
Crss Feedback Capacitance 3.2 pF Vps=10 V, Vag =0, f= 1.0 MHz | 
loss Gate Cutoff Current —1.0 nA VGs=-20 V, Vos=0 

__YGS(off) Gate to Source Cutoff Voltage —0.2 —1.2 VW Vps=10 V, Ip=10 wA | 


Classification of Ipss 
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2SK523 NEG ttectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C} 


TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs. FORWARD TRANSFER ADMITTANCE 
AMBIENT TEMPERATURE GATE TO SCURCE VOLTAGE vs. DRAIN CURRENT 
~ 
| Free Aur = 100 
z | a 
— 
< a 
: —_:. 
a e 2 
8 : S 
- 5 Fa 
5 o jc 
= o = 
: 2 : 
ji en 
— 
a 





¥ fs | 


_— 
o 


0 2 50. 95 100 125° 150 0 O08 


a : 0102 05 1020 50 10 20 50 100 
Ta — Ambient Temperature = Ves — Gate to Source Voltage -- Y 


Ip — Drain Current -- mA 


GATE TO SOURCE CUTOFF VOLTAGE vs. FORWARD TRANSFER ADMITTANCE vs. 
DRAIN CURRENT (CORRELATIVITY) DRAIN CURRENT (CORRELATIVITY) 


~~ 10 _ TT. 


mS 








Sasi EY 45 1 (lp = 10 oa)EEHEE 


‘Gate to Source Cutoff Voltage - V 





i Lc. | ; 1 | | b ttl 
01 0.2 05 10 20 50 10 20 50 10C Ol 02 05 1.020 50 10 20 50 100 


Ings — Drain Current — mA Ipsg — Drain Current —mA 


Yfsi — Forward Transfer Admittance 


VGS(off) 


NOISE VOLTAGE TEST CIRCUIT 
+15 ¥V 
1k Vosg=6 ~7 V. Ilp=O5 mA, Rg=1.0 kQ 


=10 Hz~1.0 kHz | 
(at Vge=—30 dB) 





658 


NEC 


ELECTRON DEVICE 











N-CHANNEL JUNCTION FIELD EFFECT TRANSISTOR 


DESCRIPTION The 2SK533 is designed for use in the first stage for AF Low 


Noise amplifier. 


FEATURES ® Low Leak Current 
loss == 100 pA 
ai ® Low Equivalent Noise Voltage. 


en = 1.3nVA/Hz TYP. (Vps = 10 V, Ip = 1.0 mA, 


f = 1.0 kHz) 
@ High Voltage and High | y¢, | 
Vosx > 50V (Ves =—2.0 V) 


ly¢, | > 7.0 mS (Vos = 10 V, Ip = 1.0 mA, f = 1.0 kHz} 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





2SK533 


PACKAGE DIMENSIONS 


in millimeters (inches) 


=r" 
| 
| 














| = | 
~~ i 
< 
; 3 
oS 
| o 8 
| =) 
0.45 
| (0.018) zs 
| == 
— ~ 
> al 
| ~S is Ss | 
2.54 - ae | 
(0.10) & | 
1.27 =f | 
| = 
| i Tf i = = | 
| xB | 
+ | 
| ~ | 
1. DRAIN EIAJ : SC-43B | 
| 2. SOURCE JEDEC : TO-92 
3. GATE IEC : PASS | 
oe ee eee Se eee | 


TEST CONDITIONS 


Vps = 10 V, Vgg = 0 


nVifHz Vps=10V, Ip = 1.0 mA, f = 1.0 kHz 


Storage Temperature ...........004. —55 to +125 °C 
Junction Temperature .........0..4.. +125 °C Maximum 
Maximum Power Dissipation (T3 = 25 °C) 
Total Power Dissipation ............. ..+ 400 mW 
Maximum Voltages and Currents (Tz = 25 ‘C) 
Vgpo Gate to Drain Voltage ......... —-50 V 
VGso Gate to Source Voltage ........ -—50 V 
Vosx” Drain to Source Voltage........ 50 V 
ID Drain Currant .. 4640s ee 30 mA 
Ic (sate CUTE a oa 6.6 Se at coe 5 10 mA 
"Ves =-2.0V 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL —s CHARACTERISTIC © MIN. TYP. MAX. UNIT 
| lpss -- Zero-Gate Voltage Drain Current 1.0 80 18 | mk 

en Equivalent Noise Voltage 13 

Vel, Forward Transfer Admittance 7.0 9.0 ms 

Vel, Forward Transfer Admittance 7.0 ms 

NV Noise Voltage 20 mV 

Ciss Input Capacitance 13 pF 

rss Feedback Capacitance 3.2 pF 

loss Gate Cutoff Current —100 pA 

VGS'off) Gate to Source Cutoff Voitage —0.2 —1.2 V 


Classification of Ipss 


K | L OOM | 


SSS = —j—— 


> ee a ae en eer. 
| 45t0o95 | 85tal4 13 to 18 





loss Test Conditions: Vps = 10 V, VGsg=0 


Vos =10V, lp =1.0mA, f= 1.0 kHz 
Vos = 10V, Ves = 0, f = 1.0 kHz 
see Test Circuit 

Vos = 10V, Vos =0, f= 1.0 MHz 
Vos =10V, VGs=0,f=1.0MHz 
Vos=-20 V7, Vps=4 
Vps=10V,Ip=10uA 
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2SK533 


TYPICAL CHARACTERISTICS (T3= 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBINET TEMPERATURE 


on 
S 
oS 


| Free Air 
i=ee = ee i 








P7~Total Power Dissipation —mW 
Ip—Drain Current—mA 





75.100 125 150 


—Ambient Temperature —°C 


DRAIN CURRENT vs. GATE TO 
SOURCE VOLTAGE 


Ip~—Drain Current —mA 





06 04 —02 0 
Vgs~—Gate to Source Voltage—V 


=10 


FORWARD TRANSFER ADMITTANCE 
vs. ZERO-GATE VOLTAGE DRAIN 








Ings —Zero-Gate Voltage Drain Current-mA 
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peaereiaass Transfer Admittance--mS 


DRAIN CURRENT vs. DRAIN TO 
SOURCE VOLTAGE 


10 





10 20 30 
Vps— Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE 
vs. ZERO-GATE VOLTAGE DRAIN 


ihe RRENT 





1.0 | . 
0.102 0.5 10 2.0 50 10 20 50 100 
Ip—Zero-Gate Voltage Drain Current~-mA 


INPUT AND FEEDBACK CAPACITANCE 
vs. DRAIN TO SOURCE VOLTAGE 
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DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 


-mA 


Ip—Drain Current - 





0 0.4 
Vps~ Drain to Source Voltage—-V 


08 1.2 1.6 2.0 


GATE TO SOURCE CUTOFF VOLTAGE 


> vs. ZERO-GATE VOLTAGE DRAIN CURRENT 
g (CORRELATIVITY) 
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NOISE VOLTAGE TEST CIRCUIT 


+15 V 
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DESCRIPTION The 2SK540 is designed for use in ECM Impedance Converter. 


FEATURES ® High |v; and Low Conversion Loss 
Ves) = 1.5 mS TYP. (Vps = 5.0 V, Vos = 0, f = 1.0 KHz) 
® Gate Bias Diode built-in 


7 


= 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 

Storage Temperature ......... ... —55 to +125 °C 

Junction Temperature .......... +125 °C Maximum 


Maximum Power Dissipation (T, = 25 °C) 


Total Power Dissipation. ......... 100 mW 
Maximum Voltages and Currents (T, = 25 °C) | 
VGpo Gate to Drain Voltage ..... —20 V 
Vosx” Drain to Source Voltage... . 20 V 
Ip Drain Current .......... 10 mA 
lc Gate Current ........... ~ 10 mA 
"Ves =-10V 


ELECTRICAL CHARACTERISTICS (Tz = 25 C) 


SYMBOL. “CHARACTERISTIC =~ MIN. TYP. MAX. UNIT 
loss Drain Current -_ 20 640 LA 
Ivfsl, Forward Transfer Admittance 350 us 
Vel, Forward Transfer Admittance 1500 us 
Cie Input Capacitance 5.5 pF 
Coss Output Capacitance 27 pF 
VGSloff) Gate to Source Cutoff Voltage -0.8 V 


Classification of Ipss 


Rank | to | > | PK | 
Ipss (mA) | 


N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTOR 


2SK540 


rm 


L PACKAGE DIMENSIONS | 


in millimeters (inches) 


4.2 MAX. 2.2 MAX. 
(0.165 MAX.) (0.086 MAX.) 


aa 


=" 





3.2 MAX. 
(0.125 MAX.) 


12.5 MIN. 
(0.493 MIN.) 


1. DRAIN 
2. GATE 


| 
| 
| 
| 






EQUIVALENT G 
CIRCUIT 


TEST CONDITIONS 
Vos = 5.0 V, Ves= 

Vps = 5.0 V, Ip = 30 BA, f = 1.0 kHz 
Vps = 5.0.V, Ves = 0, f = 1.0 kHz 





Vos = 5.0 V,f = 1.0 MHz 
Vos = 5.0 V, Vgs=0,f = 1.0 MHz 
Vos =5.0V, Ip=1.0uA 





lpss Test Conditions: Vps = 5.0 V, Vos =0 
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2SK540 


TYPICAL CHARACTERISTICS (T, = 25 C} 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


DRAIN CURRENT vs. 













Ta—Ambient Temperature—°C Vps—Drain to Source Voltage—V 


FORWARD TRANSFER 
ADMITTANCE vs. GATE TO 
SOURCE VOLTAGE 


DRAIN CURRENT vs. GATE 
TO SOURCE VOLTAGE 


Ip— Drain Current —gaA 





-05 -03 -010 01 O38 0.5 
Vgs—Gate to Source Voltage—V 


-05 -03 -0.10 GJ 0.3 
Vgs~Gate to Source Voltage—V 


\Y¢s|—Forward Transfer Admittance—m$ 


GATE-SOURCE CUTOFF 
VOLTAGE AND FORWARD 
TRANSFER ADMITTANCE vs. 
ZERO-GATE VOLTAGE DRAIN 
CURRENT CO-RELATION 





2—Forward Transfer Admittance—mS 


20 50 100 200 500 1000 
lIpss—Drain Carrent— pA 


VGS(off) Gate to Source Cutoff Voltage—V 
S 


\Y¢ 
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DRAIN TO SOURCE VOLTAGE 
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GATE TO SOURCE CURRENT 
vs. GATE TO SOURCE 
VOLTAGE 





Igg—Gate to Source Current— uA. 


Ves~Gate to Source Voltage—V 


INPUT AND OUTPUT 
CAPACITANCE vs, DRAIN TO 
SOURCE VOLTAGE 


cs a A AH 










nN 


Pod 

oe 7 1+ 

oa oe. TT 
42 f ttre TT 
ex | | Shiite 
Bao 
rami =a 
te tir 

ceo 

7 | 

2 2 

oo 


10 50 100 


eee Drain : source nes V 





a= 





iD) 


ELECTRON DEVICE 


DESCRIPTION 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 


N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK591 








The 2SK591 is N-Channel MOS Field Effect Power Transistor 
designed for solenoid, motor and Jamp driver. | PACKAGE DIMENSIONS 


in millimeters (inches) 


® 4V Gate Drive — Logic level — 
@ Low Rops(on) ~ 


® No Secondary Breakdown WAX 47 MAX 
é (0 185} 


a 


Maximum Temperatures 


Storage Temperature............ 55 to+ 150°C 
Channel Temperature .......... 150 °C Maximum 
Maximum Power Dissipations: ues 
Total Power Dissipation (Tg= 25°C)... 2.0 W = 
Total Power Dissipation (Te = 25°C)... 35 W om 
Maximum Voltages and Currents (Tg = 25 °C) aoe 
Voss Drain to Source Voltage..... 60 V (0.098) 
Voss Gate to Source Voltage ..... “. +20 V | 
Ipipc) Drain Current (DC)........ 415 A 
ID(putse) Drain Current (pulse)*...... +60 A as HE 
*PW = 300 us, Duty Cycle=10 % ere: 2) Drain 


3 Source 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





SYMBOL 


RpDS(on) 


RDS(on) 
VGSloff) 
IY fsl 
Ipss 
loss 


td (on) 
tr 
td (off) 
tf 


sania en == 





CHARACTERISTIC MIN. TYP. UNIT TEST CONDITIONS 


I a SS a 


Drain to Source On-State 
| Vgs=10V,Ip=64 


Resistance 

rain to Source On-State 
— sia NGG See 
Gate to Source Cutoff Voltage | : V Vos =10V,Ilp=1mMmA 
Forward Transfer Admittance Vps=10V,Ip=6A 
Drain Leakage Current Vps = 60 V, VGs =0 
Gate to Source Leakage Current | V6s = +20 V,Vps=0 


Input Capacitance : r | Vpg =10V 


Output Capacitance | Ves =0 
Reverse Transfer Capacitance ee 
Turn On Delay Time 
Ip=6A,Vcc+30V 
| R_L=52, Vgsi(on) = 10 V 
Turn Off Delay Time Rin = 102 


Fall Time 


Rise Time 
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Input Capacitance— pF 
Coss — Output Capacitance — pF 


Ciss- 


2SK591 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING FACTOR OF 
FORWARD BIAS SAFE FORWARD BIAS SAFE 


OPERATING AREA ZFERAL I? AREA 


Ip — Drain Current ~A 


dT —Derating Factor 





0. 20 40 60 80 100 120 140 160 


—Case Temperature —°C Vps—DOrain to Source Voltage—V 
DRAIN CURRENT vs. DRAIN TO FORWARD TRANSFER 
Ppt a VOLTAGE hill Beedle vs. Politely CURRENT 


Forward Transfer Admittance—$ 


Ip- Drain Current—A 





Q l 2 3 4 =] 6 7 
Vpos—Drain to Source Voltage—V 


Ip— Drain Current—A 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 
SOURCE VOLTAGE 


CAPACITANCE vs. DRAIN TO 
SOURCE phe Eel 


+ HH fal edd 


- toe ete 


2 
— 


+++ ait —-- -—4 


ss. pt th Ciss+ ioe 


ry Ste Hill 
1000} ; - : + = z 
a a ee 

tot Ng 


Reverse Transfer Capacitance — pF 





o 5 10 #15 20 25 £430 


Crss 





VGs— Gate to Source Voltage—V 


RDS(on)~ Drain to Source On State Resistance 0 


Vps-— Drain to Source Voltage—V 
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Py — Total Power Dissipation— W 


Isp — Reverse Drain Current— A 


RDS(on)~ Drain to Source On-State Resistance— 9 


NEC ttectron vevice 





TOTAL POWER DISSIPATION vs. 
0 AMBIENT TEMPERATURE 





30. 60 90. 120 150 
Ta— Ambient Temperature— °C 


SOURCE TO DRAIN DIODE 
FORWARD VOLTAGE 





02 04 06 08 10 1. 


V¥Vsp—Source to Drain Voltage—V 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. CHANNEL 
TEMPERATURE 


0.08 


0.04 


OL 
—20 


Ves=10 V 
In=6 A, Pulsed 





0 20 40 60 80 100 


Tch— Channel Temperature — °C 


i20 
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GATE TO SOURCE CUTOFF 
VOLTAGE vs. CHANNEL 
TEMPERATURE 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. DRAIN CURRENT 








Ip— Drain Current—A 





°20.0 20 40 60 80 100 120 
Tch—Channel Temperature—°C 


VGS(off}— Gate to Source Cutoff Voltage—V 





Ip— Drain Current— A 


RDS(on)— Drain to Source On State Resistance ~ 


VGg—Gate to Source Voltage —V 


SWITCHING TIME TEST CIRCUIT . 


Gate to 
R 
AL Source 
DUT Voltage 
Waveform 
Vcc 






Rin 
Rin= 10 9 





Drain 
Current 
Waveform 





tT=1 ps 
Duty Cycle=1 % 
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N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK659 





iD) 


ELECTRON DEVICE 








DESCRIPTION The 2SK659 is N-Channel MOS Field Effect Power Transistor 


designed for solenoid, motor and lamp driver. PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES @ 4V Gate Drive — Logic level — 
® Low Roslon) 
= @ No Secondary Breakdown 


—_ 


f 40.126) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature............ —55 to +150 °C 

Channel Temperature .......... 150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Tz= 25°C)... 2.0 W 

Total Power Dissipation (Te = 25°C)... 35 W 
Maximum Voltages and Currents (Ta = 25 °C) 

Voss Drain to Source Voltage..... 60 V 

Voss Gate to Source Voltage ..... +20 V 

Ip(ipc) Drain Current (DC)........ +412 A 

ID(pulse) Drain Current (pulse)*...... +60 A 


*PW= 300 us, Duty Cycle<10 % 





ELECTRICAL CHARACTERISTICS (Tag = 25 °C) 





SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT "TEST CONDITIONS 


—— 


os RE er ~~ - 


7 Drain to Source On-State " y =10V In@6A 
DS{on) Resistance ‘GS nD 


Roebai cals to Source On-State i Nee=aVln=en 
Resistance | 

VGS (off) Gate to Source Cutoff Voltage 5 V Vps=10V,Ip=1mMmA 

IV fs| Forward Transfer Admittance : Ss Vps=10V,Ip=6A 
Drain Leakage Current MA Vps = 60 V, VGgsg =0 
Gate to Source Leakage Current + nA Vos =1t20 V,Vps=9 
Input Capacitance pF | Vpg =10V 

Output Capacitance pF , Vgs=0 

Reverse Transfer Capacitance pF re) tari 

Turn-On Delay Time ns 


Rise Time ns 'D=6A,Vec+30V 
| | RL =52,VeE@sion) = 10 V 


Turn-Off Delay Time ns | Rin = 100 


Fall Time ns 
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TYPICAL CHARACTERISTICS (Ta = 25 °C) 


DERATING FACTOR OF FORWARD 
BIAS SAFE OPERATING AREA 
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Vos Drain to Source Voltage — V 


CAPACITANCE vs. DRAIN TO 
SOURCE VOLTAGE 
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Drain ro Source Voltage 


A 


Ip — Drain Current 


-Forward Transfer Admittance—$ 


¥fs 


FORWARD BIAS SAFE 


100,— 





| t-=25 ‘c HtHTH 
| Single Pulse 
lI 
I 10 
V¥ps-— Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 
100 





Ip — Drain Current—A 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 
SOURCE VOLTAGE 

0.20 


0.15 


0.10}- 





20 24 


5 
Vas Gate to Source Voltage —V 


16 


RDS(on)~ Drain to Source On State Resistance— 0 


PT Total Power Dissipation 


2SK659 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


50 


Ww 










0 30. 60 90 120 150 
Ta~ Ambient Temperature — °C 


SOURCE TO DRAIN DIODE 
FORWARD VOLTAGE 


Isp — Reverse Drain Current— A 





0 o2 o4 O06 


0.8 
V§p—Source to Drain Voltage—V 


0} 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. CHANNEL 
TEMPERATURE 


Vesg=10 V 
lp=5 A Pulsed 


0.12 


0.08} 


1 
—Ee 


0.04 


0} = 
—-20 0 20 40 60 80 100 120 140 
Teh Channel Temperature— °C 


RDS(on)— Drain to Source On State Resistance— 
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2SK659 


0.12 


0.08 


0.04 


RDS(on)~ Drain to Source On State Resistance— 0 





DRAIN TO SOURCE ON-STATE 
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j 
] 
| 
| 





os oe oe ee 


RESISTANCE vs. DRAIN CURRENT 


a 


Pulsed 


4, 





SWITCHING TIME TEST CIRCUIT 
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PG. Rin 


| us 
Duty Cycles 1 % 


Rin 
10 2 


A 


Ip — Drain Current ~ 





TRANSFER CHARA 


CTERISTIC 








1 2 #3 





= sl 





4 5 6 


VGs— Gate to Source Voltage V 


Yor 


Gate to 
Source 
Voltage 
Waveform 


| Drain 
} Current 
| Waveform 
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GATE TO SOURCE CUTOFF 
VOLTAGE vs. CHANNEL 
TEMPERATURE 


ee ana Hal a at 
=10 V 





oj | | | | fj 
-30. 0 20 40 60 80 100 120 


Teh— Channel Temperature — °C 





VGS(off) Gate to Source Cutoff Voltage ~ V 












FEATURES 


ABSOLUTE 


Voss Drain to Source Voltage... . 
Voess Gate to Source Voltage. .... 
Ip(oc) Drain Current (DC)....... +t.0 
ID(pulse) Drain Current (pulse)*..... 
* PW = 300 us, Duty Cycle = 10% 
ELECTRICAL CHARACTERISTICS (T. = 25 °C) 
SYMBOL CHARACTERISTIC ‘MIN. TYP, 
lpss Drain Leakage Cu rent Oe 
loss Gate to Source Leakage Current 
VGS(off) Gate to Source Cutoff Voltage 1.0 
Veg | Forward Transfer Admittance 0.4 
Rpsi(on) Drain to Source On-State Resistance 0.5 
RpS(on) Drain to Source On-State Resistance 0.95 
Cicss Input Capacitance 40 
Coss Output Capacitance 65 
Croc Reverse Transfer Capacitance 10 
td(on) Turn-On Delay Time 60 
ty Rise Time 180 
tdloff} Turn-Off Delay Time 550 
| tf Fall Time 400 


EK 


ELECTRON DEVICE 





® Suitable for switching power supplies, actuater controls, 


and pulse circuits 


® Low Rosion); Rpsion) = 0.95 TYP. 
(VGs =4 V, Ip =0.5 A) 


® Wo second breakdown 


MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature.......... 
Channel Temperature 
Maximum Power Dissipation (Tz = 25 °C) 
Total Power Dissipation 


. q a * tT i . s. £¢£ @# 8 « ft @f 


Maximum Voltages and Currents (T, = 25 °C) 


+20 


+2.0 


—55 to +150 °C 
150 °C Maximum 


0.75W 


>.» < < 


MAX. 


10 
+100 
2.5 


1.0 
1.5 


UNIT 
pA 
nA 





N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 





2SK679 


PACKAGE DIMENSIONS 
in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) | 






5.5 MAX. 
(0.216 MAX.) 


= = 
== 
23 (83 
2.54 = 
(0.10) as Ps 
1.27 a2 
(0.05) ye 
wi 
<5 
ne 
~ 
i$} 3 
1. Gate (G) EIA : $C-43B 
2. Drain (D) JEDEC : TO-92 
3. Source (5S) jEC : PA33 
D 


eo 


TEST CONDITIONS 
Vps = 20 V, Veg =0 
Vos =220V, Vpg=0 
Vps=10V, Ip=1.0mA 
Vos =10V,Ip=0.5A 
Vgs=10V, Ip=0.5A 
Ves 74.0 V, Ip =0.5A4 


Vps = 10 V, Vas = 0, f = 1 MHz 


Ip =0.5A, Voc = 25 V 
VGsion) = 10 V 
Ry~ = 502 
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TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING FACTOR OF 



































FORWARD BIAS SAFE FORWARD BIAS SAFE TOTAL POWER DISSIPATION 
OPERATING AREA OPERATING AREA vs. AMBIENT TEMPERATURE 
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—0.01 
> 0.010.002 0.050.102 0510 20 5.0 
0 0.5 1.0 15 2.0 Ip- Drain Current—A 





Vsp~— Source to Drain Voltage —V 


Vos Drain to Source Voltage—V 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. DRAIN 
CURRENT 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 
SOURCE VOLTAGE 


CAPACITANCE vs. DRAIN TO 
SOURCE VOLTAGE 






Hing 
o 





Pulsed 


15 











0.1 02 05 10 20 5.0 10 
Ip—Drain Current—A 


10°20 #50 10 20 50 
Vps~— Drain to Source Voltage —V 





5 10 #15 20 25 
Ves Gate to Source Voltage —V 


So 


RpS(on)~ Drain to Source On-State Resistance— Q 
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DRAIN TO SOURCE ON-STATE GATE TO SOURCE CUTOFF 
VOLTAGE vs. CHANNEL 


TEMPERATURE 


RESISTANCE vs. CHANNEL 
TEMPERATURE TRANSFER CHARACTERISTICS 









a 


Drain Current 





| | | 8.0 10 
—50 oO 50 100 150 Ves Gate to Source Voltage—V 





Vas(off) Gate to Source Cutoff Voltage V 


—50 0 50 100 150 
Tech —Channel Temperature— ‘°C Teh — Channel Temperature — ‘°C 


RpS(on) Drain to Source On State Resistance — 1 





TURN-ON AND TURN-OFF TIME TEST CIRCUIT 


Gate 
Voltage | 
Wave 
Form 


Drain | 
Current | 
Wave 
Form 





t=1 ws 
Duty Cycle={1 % 
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ELECTRON DEVICE 








FEATURES @ Suitable for switching power supplies, actuater controls, 
and pulse circuits 
® Low Rosionf Rosion) = 0.98 &2 TYP. 
(Ves =4 V, Ip =0.5. A) 
® No second breakdown 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature... ....... —55to+150°C 
Channel Temperature......... 150°C Maximum 
Maximum Power Dissipation (Tz = 25 °C) 


Total Power Dissipation ............ stvn OW 
Maximum Voltages and Currents (T, = 25 °C) 

Voss Drain to Source Voltage.... 30 V 

VGss Gate to Source Voltage. .... +20 2V 

Ip(pc) Drain Current (DC)....... +1.0 A 

ID (pulse) Drain Current (pulse) ..... 42.0 “A 


* PW <= 300 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL "CHARACTERISTIC 
lpss Drain Leakage Current 
loss Gate to Source Leakage Current 
| VGS\off) Gate to Source Cutoff Voltage 
IV es | Forward Transfer Admittance 
RpS(on) Drain to Source On-State Resistance 
1 RpSi(on) Drain to Source On-State Resistance 
| Cree Input Capacitance 
Coss Output Capacitance 
Cres Reverse Transfer Capacitance 
| td(on) Turn-On Delay Time 
ty Rise Time 
| tdloff) Turn-Off Delay Time 
| tf Fall Time 
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PACKAGE DIMENSIONS 


in millimeters (inches) 


7.0 MAX. 1.2 
(0.275 MAX.) (0.047) 
P| 


(0.118 Bs 


2.0 
(0.079) — 


L 


1.7 +++ 1 
(0.067) | (o. 067) 


(0. MAX. ) 


1. Gate 
2. Drain 
3. Source 


TEST CONDITIONS | 
Vps = 20 v, ves > 0 
Veg 7+t20V,Vps=0 
Vps =10V, Ip =1.0mA 
Vps=10V,!Ip=0.5A 
Vos =i10V, Ip=0.5A 
Veg 7=4.0V,Ip=0.5A 


Vos = 10 V, Vgs = 0, f = 1 MHz 


Ip=0.5A, Vec =25 V 
VGS(on) = 10 V 
RL =50 


| 
| 
i 


zz 
== 
oR 
vv 
~S 
ee | 
__t 


9.0 MAX. 
(0.354 MAX.) 





N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 











| NEC ELECTRON DEVICE _ 2SK681 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING FACTOR OF 
TOTAL POWER DISSIPATION 


FORWARD BIAS SAFE FORWARD BIAS SAFE 
OPERATING AREA OPERATING AREA vs. AMBIENT TEMPERATURE 
| = 
= | 
* 100+ S 
s ri “a = 
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aaa S yes: seemaestis $ a 
| he amr ae 4 
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£ 60 oO be 
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o 40\— a —==s=s 
eS cL 0.05c— amass = 
2 20 a 
a 





| 0.01 , ) 
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T.-Case Temperature—‘C Vos~ Drain to Source Voltage—V 0 30 60 90 120 150 

Ta~Ambient Temperature —°C 


FORWARD TRANSFER 
SOURCE TO DRAIN DIODE 





DRAIN CURRENT vs. DRAIN ADMITTANCE vs. DRAIN 
TO SOURCE VOLTAGE CURRENT FORWARD VOLTAGE 
w 
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Q <x 
& ont 
= Cc 
i E : 
— : = 
5 . : 
5 & = 
oO = 5 
c S 
— a 
5 = 3 
F — = 
. a 
=) = ir 
© . | 
ah Oo 
2 uw 
a # 
. = | 
0 0.5 1.0 15 2.0 (p=Orain: fais 


Vps~Drain to Source Voltage —V Vsp~ Source to Drain Voltage —V 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. DRAIN 
CURRENT 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 


CAPACITANCE vs. DRAIN TQ 
SOURCE VOLTAGE 


SOURCE VOLTAGE 


Pulsed 





01 O02 O85 10 20 50 10 
Ip— Drain Current—A 





10 20 50 10 20 50 
Vos — Drain to Source Voltage—V 


0 5 10 15 20 25 
Vas Gate to Source Voltage—V 


RDS(on)~ Orais to Source On State Resistance --Q 


RDS(on)~ Drain to Source On-State Resistance—0 
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| | | 0 20 40 °#&6.0 8.0 10 
: -—50 0 50 100 150 Vos Gate to Source Voltage—V 
Te, Channel Temperature —‘C 





-50 9 50 100 150 
Teh ~ Channel Temperature— °C 


= DRAIN TO SOURCE ON-STATE GATE TO SOURCE CUTOFF 
| RESISTANCE vs. CHANNEL > VOLTAGE vs. CHANNEL 
” TEMPERATURE TRANSFER CHARACTERISTICS TEMPERATURE 
eS « : ; 2 
s 3.0 8 

<= a 
= L S 
= = 2 
— = o 

Sm 
5 3 e 
a a =a | 
=) — o 
= a ad 9 
D a 2 
o oO " a 4 
— — 0.005) _ 
cc | | o 
: 
= = 
= 
~ w 
5 oS 
7 > 
uw 
o 
co 


TURN-ON AND TURN-OFF TIME TEST CIRCUIT 


Gate 

| Voltage 
Wave 
Form 


Drain 

Current 
| Wave 

Form 





r=1 ps 
Duty Cycle= 1 % 


674 





E 


ELECTRON DEVICE 






DESCRIPTION The 2SK699 is N-Channel MOS Field Effect Power Tran- 
sistor designed for solenoid, motor.and lamp driver. 
FEATURES @ 4 Gate Drive — Logic iffel— 


® Low Ropsj(on) ’ 
® No Second Breakdown 


ie 
i 


ABSOLUTE MAXIMUM RATINGS 
Maximum, emperatures 


Storage Temperature.......... —55 to +150 °C 

Junction Temperature ........ 150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation .............0.4. 1.3 W 

Total Power Dissipation (Te = 25°C) ....... 15 W 


Maximum Voltages and Currents (Tz = 25 C) 


Voss _ Drain to Source Voltage...... V 
Voss Gate to Source Voltage....... +20 V 
Ip(oc) Drain Current (DC)........ . 22 2A 
ID (pulse) Drain Current (pulse)*....... +6 A 


* PW ~ 300 us, Duty Cycle = 10% 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 





SYMBOL ~—_—_—_—sCCHARACTERISTIC a MIN. TYP, MAX, UNIT 
RpbS(on) Drain to Source On-State Resistance Be 08 1.2 - 2 
RbDS(on) Drain to Source On-State Resistance 1.0 1.5 o 
VGSloff) Gate to Source Cutoff Voltage 1.0 2.5 V 

| IVs | Forward Transfer Admittance 0.5 S 

Ipss Drain Leakage Current 10 uA 
Ioss Gate to Source Leakage Current +100 nA 
Cice Input Capacitance 200 pF } 
Coss Output Capacitance 70 pF | 

| rss Reverse Transfer Capacitance 15 pF 
tdlon) Turn-On Delay Time 45 ns | 
t Rise Time 40 ns | 
tdloft) Turn-Off Delay Time 450 ns 

iz ae Fall Time 110: ns | 


2SK699 








PACKAGE DIMENSIONS 


in millimeters (inches) 








8.5 MAX. 
(0.334 MAX.) 2.8 MAX. | 

ooo 0.11 Y 
"$3.27 0%40.126) dod real 











x 


(0.472 MAX.) 









"12.0 MAX. 


098)/ | 
N. 


MIN.) 


HOS 
= 








ol Se ee 
a 2.3 
(0.090)| (0.090) 









. Source 
2. Crain connected 

to mounting plane 

. Gate 







__ TEST CONDITIONS 
VGgs=10V,Ip=i1A 
Vos=4V,Ipz=1A 

Ves 710V, Ilp=1mA 
Vos =10V,Ipb=1A 

Vps = 100 V, Vos =0 

Vos = +20 V, Vps=0 












Vos =10V 
Vos =0 
f= 1 MHz 








Ip=1A, Veco = 50V 
RL =502 
Rin = 10 2 
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2SK699 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING FACTOR OF FOR- 
WARD BIAS SAFE OPERATING 


AREA 

140 

& 120 
= = 
= 100 Me 
& S 
mn 80 5 
£ Oo 
= | ec 
o 

x 40 
> Q 
A - 

a. 20 








0 20 40 60 
Te 


80 100 120 140 160 


Case Temperature -°C 


DRAIN CURRENT vs. DRAIN TO 
SOURCE VOLTAGE 


A 


Ip — Drain Current 
Forward Transfer Admittance 5 





60 80 100 


Vos Drain to Source Voltage V 


GC 0 #40 


CAPACITANCE vs. DRAIN TO 
SOURCE VOLTAGE 


C~ Capacitance — pF 





10 50 


5.0 
Vps Drain to Source Voltage — V 
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Yfs 





RDS(on) Drain to Source On State Resistance — «2 


FORWARD BIAS SAFE 
OPERATING AREA 










= SS 

ae sa —_— To 
NO? UN 
how: al p(y MAX. 





VDSS MAX. 


50 
Vos Drain to Source Voltage Vv 


FORWARD TRANSFER ADMIT- 
TANCE vs. DRAIN CURRENT 


= 
o 


O57 


1.0 


o- 
= 


0.5 
Ip ~ Drain Current — A 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 
SOURCE VOLTAGE 





0 4.0 8.0 12 16 20 


Vas ~ Gate to Source Voltage V 


P7- Total Power Dissipation —W 


Isp Reverse Drain Current— A 


-(} 


RpS(on)~ Drain to Source On State Resistance 





Ni; KE Cc ELECTRON DEVICE 





TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE 





25) 
) | | | 
20) ne = | 
) ; i | 
15 — + +—+— 
| | 
| i 
10 SS ee = $+ —-- 


0 20 40 60 80 100 120 140 160 
T,.~ Case Temperature — °C 


SOURCE TO DRAIN DIODE 
FORWARD VOLTAGE 


04 0.6 


Vsgp~ Source to Drain Voltage—V 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. CHANNEL 
TEMPERATURE 





50 
Tech ~ Channel Temperature —°C 


100 150 


NEC ELECTRON DEVICE 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. DRAIN 
CURRENT 


Ip ~ Drain Current—A 


Rps(on) Drain to Source Qn State Resistanne ~ °° 


| 


= - mo 
— + +++ —_——_+— 

ra) rt ; +44 | a 

E Hikas | 

F 100 , == : 
an + 

as 80 Th = as : sss 

= emppet ttt tt tion) +++t44 

r ——+—+—+t HTH {+ 44 t 

aA | Hit | 

10 ree 

~. 5.0 a ta es z He aH 

om 

a) 

i) 

ae 


See Test SEaeiiit 


ip - Drain Current — A 


Egil Circuit _ 
0.1 





A 


Ip ~ Drain Current 


0.005 F= 


0.001 


TRANSFER CHARACTERISTICS 


10 
5.0 








1.0 








0.1—-—— 
0.05-— 





0.01 





1.0 eel) 3. 4.0 on 8, 


Ves(off) Gate to Source Cutoff Voltage V 


Vas ~Gate to Source Voltage V 


TURN-ON AND TURN-OFF TIME TEST CIRCUIT 





T1465 
Duty Cycles 1 


% 


Gate 

Voltage 
| Wave 

Form 


Drain 
Current 
Wave 








2SK699 





GATE TO SOURCE CUTOFF 
VOLTAGE vs. CHANNEL 
TEMPERATURE 





Teh Channel Temperature - C 
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N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK700 


E 


ELECTRON DEVICE 












DESCRIPTION The 2SK700 is N-Channel MOS Field Effect Power Tran- 
sistor designed for solenoid, motor.and lamp driver. 






PACKAGE DIMENSIONS 


in millimeters (inches) 








FEATURES @ 4 V Gate Drive — Logic level — — 
@ Low Ropsjon) 
- .@ No Second Breakdown _ 






8.5 MAX. 
(0.334 MAX.) 2.8M 


MAX 
(0. 110 MAX. ) 
# 3.2+02(0.126) 
























‘ AS 
ABSOLUTE MAXIMUM RATINGS <5 
Maximum. Temperatures on 
Storage Temperature .......... —55 to +150 °C a ie 
Junction Temperature ........ 150 °C Maximum 
Maximum Power Dissipations 
Total Power Dissipation .............6. 1.3W 
Total Power Dissipation (Tg = 25°C) ....... 15W 
Maximum Voltages and Currents (Ta = 25 °C) 0.87998 
Vpss Drain to Source Voltage...... 80 V (0.031). "| _ 
Voss Gate to Source Voltage....... +20 V ‘ti 080} 2 6090) 
Ip(oc) Drain Current (DC)......... +2 A 
ID (pulse) Drain Current (pulse)”....... +6- A 


* PW s 300 us, Duty Cycle = 10% 





. Source 
2. Drain connected 

to Mounting plane 

. Gate 







ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL CHARACTERISTIC AIN. : MAX, ur | TEST CONDITIONS 


a ——— a —— 


Rpsion) Drain to Source On -State Resistance i E VGs= 10 V, ies =1A 
RpS(on) Drain to Source On-State Resistance Vos=4V,Ip=1A 

| VGSioff] Gate to Source Cutoff Voltage Vos =10V, Ip =—-1 mA 
IV Eg | Forward Transfer Admittance ; Vps=10V,Ip=1A 
Ipss Drain Leakage Current Vos = 80 V, Ves = 0 
Icoss Gate to Source Leakage Current + VG6s = +20 V, Vps=0 
Ciss Input Capacitance Vps =10V 
Coss Output Capacitance Vos 20 
Crss Reverse Transfer Capacitance ea 


td(on) Turn-On Delay Time 
Ip=1A,Vec = 50V 
RL. =500 


} ty Rise Time 
td(off) Turn-Off Delay Time Rin = 102 





tf Fall Time 
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TYPICAL CHARACTERISTICS (T, = 25 °C) 


a 
"oO 


Power Derating Factor 


A 


Ip ~ Drain Current 


C Capacitance ~ pF 


0 


DERATING FACTOR OF FOR. 
WARD BIAS SAFE OPERATING 


20 40 60 80 100 120 140 160 


T. —~Case Temperature — °C 


DRAIN CURRENT vs. DRAIN 
TO SOURCE VOLTAGE 


6.0 8.0 


Vps_ Drain to Source Voltage V 


CAPACITANCE vs. DRAIN TO 
SOURCE VOLTAGE 








50 8610 50 
Drain to Source Voltage—V 





10.0 


Ip ~~ Drain Current —A 


Forward Transfer Admittance—5 


Yis 


RDS(on)~ Drain to Source On State Resistance ~-<! 





FORWARD BIAS SAFE 
OPERATING AREA 


Vps~ Drain to Source Voltage- V 





FORWARD TRANSFER ADMIT- 


TANCE vs, DRAIN CURRENT 


— 


“0.1 05 1.0 5.0 
Ip ~ Drain Current — A 


o 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 
SOURCE VOLTAGE 


4.0 8.0 12 16 
Vas Gate to Source Voltage~ V 





2SK700 





TOTAL POWER DISSIPATION vs. 
CASE TEMPERATURE 


10 


i 





Py — Total Power Dissipation - W 


0 20 406 60 80 100 120 140 160 
T. ~Case Temperature —°C 


SOURCE TO DRAIN DIODE 
FORWARD VOLTAGE 


Isp Reverse Drain Current —A 





Vsp~ Source to Drain Voltage—V 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. CHANNEL 
TEMPERATURE 





0 
-50 0 30 100 150 
Teh Channel Temperature —°C 


RDS(on) Drain to Source On State Resistance —\ 
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Z| DRAIN TO SOURCE ON-STATE SRCHAEE WC EKMER 
R SE vs. C EL 
© ESISTANCE vs. ORAIN TRANSFER CHARACTERISTICS > TEMPERATURE 
@ CURRENT 
8 2.0 | | rTTTT} Pulsed o 
2 clon Tt com = 
tL | |] ™ fe) 
= oe oe ee ee = g 
a | | rit £ 3 
12 _ oe ee os AE - 4. ee oe + 5 
= +. | | ann Oo ® 
rf : an ian aye C £ 
8 Ball Ves= 4) 11] a 5 
= 0.8 — == - ——— 4 4 Ps 
wy = 1 | i} "10 Vii ° 
o ——| wall tp TT | = ® 
< 04t— | . PSEA) ee ++ aii & 
| 
‘i re = * + = 
oO || rom 
S 0.1 05 1.0 5.0 10 1.0 2.0 3.0 4.0 5.0 2 50 100 
D Ip ~ Orain Current —A Vgsg-Gate to Source Voltage-V = Tep~ Channel Temperature — °C 
aa 








tdcon): ty. tacoff) tf ~ Time~ns 


| OF td 
See Test Circut | 
0.1 0.5 1.0 50 1C 
Ip Drain Current —A 





TURN-ON AND TURN-OFF TIME TEST CIRCUIT 


Re Gate 


Voltage 
BUT Wave 


Form 





| Drain 
Current 
Wave 
Vin Farm 
0 
. 
¢ 1 us 


Duty Cycle=1 % 
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N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK701 





iD) 


ELECTRON DEVICE 





DESCRIPTION The 2SK701 is N-Channel MOS Field Effect Power Tran- 
sistor designed for solenoid, motor.and lamp driver. PACKAGE DIMENSIONS 
in millimeters (inches) 


FEATURES @ 4V Gate Drive — Logic level — 
2:8 MAX. 


® Low Ropsjon) eo pee (0.110 MAX.) 
a ® No Second Breakdown 2 =e ee i 


- 


ABSOLUTE MAXIMUM RATINGS 
Maximum. Temperatures 
Storage Temperature......... —55 to +150 °C 
Junction Temperature ....... 150 °C Maximum 
Maximum Power Dissipations 
Total Power Dissipation. ...........06. 1.3W 
Total Power Dissipation (Tp = 25°C) ...... 15 W 
Maximum Voltages and Currents (Ta = 25 °C) 0.8 79.98 4 
Voss Drain to Source Voltage...... 60 V (0.031) | | 
Voss Gate to Source Voltage....... +20 V 
A 
A 


(0.472 MAX.) 


MIN. 12.0 MA: sie 


~~ 
= 
= 
iN 
™ 
| 
io 
;— 


2.3] 2.3 
(0.09 23 39 
Ip(oc) Drain Current (DC) ......... +2 i, 


lD(pulse) Drain Current (pulse)* ....... +6 
* PW = 300 us, Duty Cycle < 10% 


. Source 
2. Drain connected 
to mounting plane 
. Gate 





ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 





SYMBOL CHARACTERISTIC 


= —= 








TEST CONDITIONS 


RpS(on) Drain to Source On-State Resistance Vgg=10V,Ip=1A 
RpSion) Drain to Source On-State Resistance Ves 7=4V,Ip=z1A 
VGS(off) Gate to Source Cutoff Voltage ‘ Vpsg=10V,Ip=1mA 
IV fs | Forward Transfer Admittance Vps=10V.Ip=1A 
loss Drain Leakage Current Vps = 60 V, Veg =0 
IGss Gate to Source Leakage Current Vos =1t20 V, Vps=0 
Ciss Input Capacitance Vpes 169 
Output Capacitance nc Vgs=0 
Reverse Transfer Capacitance f= 1 MHz 
Turn-On Delay Time 
Ip=1A, Vec = 50V 


| ORE = 502 
tdloff) Turn-Off Delay Time Rin = 102 


Rise Time 


tf Fall Time 
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TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING FACTOR OF FOR- 








WARD BIAS SAFE OPERATIN FORWARD BIAS SAFE TOTAL POWER DISSIPATION vs. 
AREA “ae OPERATING AREA CASE TEMPERATURE 
= 
5 ¢ E 
2 € 3 
» n 
oo 5 a 
~ = 3 
D ‘a a 
o A : ve 
o a zs 8 
3 2008 Fe . 
a | 
te 
o | 
0 20 40 60 80 100 120 140 160 0 - 2 40 60 80 100 120 140 160 
T.- Case Temperature—°C Vos -Drain to Source Voltage—V T. — Case Temperature-—"C 
DRAIN CURRENT vs. DRAIN TO FORWARD TRANSFER ADMIT- ; 
URCE VOLTAGE TANCE vs. DRAIN CURRENT SOURCE TO DRAIN DIODE 
SOURC IL e ? FORWARD VOLTAGE © 
1OV 8V6V SV esi 8 < 
x = 
= = a 
i = = 
€ 3 5 
[af] 
= in £ 
=| 2 oa 
= a 
on wa a 
© = un 
Oo 5) g ae 
3s a -——t— 
ao = or st 
=< = | 7a ; | | ff 
i i cis Seg 
_ 1 a 7 so LE Eas 
0 2.0 4.0 6.0 8.0 10.0 > 0.4 0.6 0.8 1.0 12 
Vps Drain to Source Voltage —V Ip~ Drain Current—A Vsp~ Source to Drain Voltage-V 


) 


CAPACITANCE vs. DRAIN TO DRAIN TO SOURCE ON-STATE DRAIN TO SOURCE ON-STATE 
SOURCE VOLTAGE RESISTANCE vs. GATE TO RESISTANCE vs. CHANNEL 
SOURCE VOLTAGE TEMPERATURE 


C) 


“ID=1A 
Pulsed 


C— Capacitance — pF 





OWN 
50 0 50 100 150 
Teh Channel Temperture —°C 


Vps— Drain to Source Voltage—V Vgs~ Gate to Source Voltage—V 


RDS(on)~ Drain to Source On State Resistance 
RpS(on)~ Drain to Source On- State Resistance 
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TURN-ON AND TURN-OFF TIME 





td(on): tr. ta(off) tf— Time-—ns 


1.0 See Test Circuit | | 
0.1 05 1.0 5.0 10 


ID Drain Current— A 


TURN-ON AND TURN-OFF TIME TEST CIRCUIT 


Gate 


Wave 
Form 





Drain 
| Current 
Wave 
Vin : Form 
0 
T 
t=1 gs 


Duty Cycle=1 % 





or DRAIN TO SOURCE ON-STATE 
| RESISTANCE vs. DRAIN 
o CURRENT TRANSFER CHARACTERISTICS 
S 
B 
uw 
jak] 
fi al 
2 <_ 
pi aes 
wn 5 
; : 
7 S 
| = 
= ‘a 
2 i=) 
Ee 
gs 
fa) 
& 
ce Ip ~ Drain Current— A Vgs Gate to Source Voltage—V 
a 


Voltage | 


2SK701 





GATE TO SOURCE CUTOFF 
VOLTAGE vs. CHANNEL 
TEMPERATURE 





0! a | 
50 0 50 100 150 


Vesvott) Gate to Source Cutoff Voltage ~V 


Te, Channel Temperature —°C 
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KB 


ELECTRON DEVICE 









DESCRIPTION The 2SK702 is N-Channel MOS Field Effect Power Transistor 


designed for solenoid, motor and.jamp driver. 


hy 


FEATURES © 4 Gate Drive — Logie level — 
® Low Ros (on) 
~_. ®@ No Second Breakdown 


a 


ABSOLUTE MAXIMUM RATINGS. 
Maximum, Temperatures 


Storage Temperature............ —55to+150°C 

Junction Temperature .......... 150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation............. 1.5 Ww 

Total Power Dissipation (T.=25°C) ... 50 £W 
Maximum Voltages and Currents (Tz = 25 C) 

Voss Drain to Source Voltage...... 100 ~€C«VV 

Voss Gate to Source Voltage ...... +20 V 

Ip(Dc) Drain Current (DC)......... <5 A 

ID(pulse) Drain Current (pulse)”....... 420° A 


* PW = 300 us, Duty Cycle = 2% 


ELECTRICAL CHARACTERISTICS (T, = 25 -C) 


SYMBOL CHARACTERISTIC MIN. TYP: 


P Drain to Source On-State 0.20 
DS(on) Resistance - 
Drain to Source On-State 
Ros 0.25 
DS(on) Resistance 
VGSloff) Gate to Source Cutoff Voltage 
lW¢ee | Forward Transfer Admittance 
Drain Leakage Current 
Gate to Source Leakage Current 
Input Capacitance 
Coss Output Capacitance 
Cres Reverse Transfer Capacitance 
td(on) Turn On Delay Time 
ty Rise Time 
tdloff) Turn Off Delay Time 
t¢ Fall Time 
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N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK702 


PACAKGE DIMENSIONS 


in millimeters (inches) 


15.5 MAX. 
-61OMAX. | 


0 


12.7 MIN 
(0.500 MIN. | 


= 
jzZ| = 
Cy 

. cr} 
Pea" 
| te 
x] xe 
<| = 
={ >= 
ow 
,; wo 
| | 
| & 


1. Gate 

2. Drain 

3. Source 

4, Fin (Drain) 
JEDEC: TO-220AB 





TEST CONDITIONS 


Ves 7=10V,Ip=5A 


Ves=4V, Ip=5A 


Vps = 10V, Ip = 1mA 
Vps=10V,Ip=3A 
Vpsg = 100 V, Vag =0 
VGs = +20 V, Vps =0 


Vps = 10 V 
Vos =0 
f=1MHz 


Ip =3A, Vcc =50 V 
RL =172 








Input Capacitance — pF 


Ciss ~ 


Coss— Output Capacitance — pF 


NE 


ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 “C) 


dT —Derating Factor —°%s 


Ip —Drain Current—A 


Cress — Reverse Transfer Capacitance - 


DERATING FACTOR OF FORWARD 
BIAS SAFE OPERATING AREA 





Te —Gase Temperature —°C 


DRAIN CURRENT vs. DRAIN TO 
SOURCE VOLTAGE 





Vpos— Drain to Source Voltage—V 


CAPACITANCE vs. DRAIN TO 
sou RCE VOLTAGE 





¥ps— Drain to Source Voltage—V 


Ip - Drain Current—A 


Forward Transfer Admittance -$ 


ly¥fs!- 


RDS(on)~ Drain to Source On State Resistance— 


FORWARD BIAS SAFE OPERATING 





i= I 
Vos— Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE 


vs. DRAIN CURRENT 


=== ---- ee  eoraeereeaee 





SS ee “Ps Vps=10 VI 
He SESE Ds Pulsed 











2p. ee 
a 
Se a a 

2 a ee 


ee 
oe aeaPrrie 






1 
0.01 1 
7 — Drain re — A 





DRAIN TO SOURCE ON-STATE 


RESISTANCE vs. GATE TO SOURCE 
VOLTAGE 





nn) 10 15 20 
Vgs— Gate to Source Voltage—V 


100 1000 


2SK702 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEerEnATY RE 






fOr - 


Py —Total Power Dissipation—W 





0 620 40 60 80 100 120 140 160 
Ta—Ambient Temperature—‘C 


SOURCE TO DRAIN DIODE 
dee RWARD VOLTAGE 


Isp — Reverse Drain Current—A 





0.1 : 
0 02 04 06 08 1.0 12 14 16 
Vsp-— Source to Drain Voltage—V 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. CHANNEL 
TEMPERATURE 





Tch~ Channel Temperature—°C 


RDS(on)~ Drain to Source On-State Resistance—O 
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2SK702 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. DRAIN CURRENT 
0.5 





ava 


hz 
. omen: me My 


RDS(on)— Orain to Source On State Resistance— 


Im —Drain Current~A 


SWITCHING CHARACTERISTICS 


POSH i 


td(on), tr. ta(off), tf, -Switching Time—ns 


lp — Drain Current — A 


SWITCHING TIME TEST CIRCUIT 





T= l1 pS 
Duty Cycle=1 % 
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100 





lp — Drain Gurrent—A 


TRANSFER CHARACTERISTIC 
Or 





VGS(off)— Gate to Source Cutoff Voltage—V 


Vqs—Gate to Source Voltage—V 


Gate to 
Source 
Voltage 

| Waveform 


RL 


Vcc 


Drain 
Current 
Waveform 


NEC ELECTRON DEVICE 





GATE TO SOURCE CUTOFF 
VOLTAGE vs. CHANNEL 
TEMPERATURE 

] T | |. |¥bs=10¥ 


— ae | | | Ip=1 mA 
3.0 oo Di | 


| 

a 
———>P 

| 


‘on Ga 
fal | | 
1.0 L me = ~ {. 
| 7 an | r 
44 tt ttt 
; | | ae 
0 40 #80 170 160 200 


Tch— Channel Tem perature—"C 





N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK703 





iD) 








ELECTRON DEVICE 





DESCRIPTION The 25K703 is N-Channel MOS Field Effect Power Transistor 


designed for solenoid, motor and.Jamp driver. PACKAGE DIMENSIONS 


in millimeters (inches) 


iy 


FEATURES @ 4V Gate Drive — Logic level r 
@ Low Rps(on) | 
r ® No Second Breakdown é: . 47 MAX 
= mt 0 185) | 
: 7 | 3.0 MAX 


(0118) 


ABSOLUTE MAXIMUM RATINGS 


Maximum. Temperatures 


Storage Temperature............ —55 to +150 °C 
Junction Temperature .......... 150 °C Maximum 
Maximum Power Dissipations 
Total Power Dissipation ............ 2.0 W 
Total Power Dissipation (Tp = 25°C)... 35 W 
Maximum Voltages and Currents (Ta = 25 “C) 
Voss Drain to Source Voltage..... 100 V 
Vess Gate to Source Voltage ..... +20 V | 
Ip(oc) Drain Current(DC)........ #5 A | (oos1) 
ID(pulse) Drain Current (pulse)*.... . v~ £20 A 


*PW = 300 us, Duty Cycle =10 % 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
UNIT TEST CONDITIONS _ 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. 


Drain to Source On-State 0.20 O:45 - Veen 10V.In=5A 
Resistance : : GS* —- 

Drain to Source On-State 0.95 0.60 a Vinwandee ica A 
Resistance , , Gs* “Do” 
VGSloff) Gate to Source Cutoff Voltage ; 2.5 V Vps=10V,Ipb=1mMmA 
l¥fs| Forward Transfer Admittance : S Vpos=10V,Ip=3A 
lpss Drain Leakage Current 10 wi Vps = 100 V, Vgsg =9 
loss Gate to Source Leakage Current nA Veg = +120 V, Vps =0 
Cies Input Capacitance 0 pF Vps = 10 V 

Output Capacitance pF  $Ves=0 


Reverse Transfer Capacitance pF t= 1 MHz 


td(on) Turn-On Delay Time ns 
hf Rise Time ns Ip=3A,Vccs50V 


RL =v 
td (off) Turn-Off Delay Time ns R:,= 102 


tf Fall Time ns 
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Input Capacitance — pF 


Ciss~ 


2SK703 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


DERATING FACTOR OF FORWARD 
BIAS SAFE OPERATING AREA 
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DRAIN CURRENT vs. DRAIN TO 
db VOLTAGE 





Forward Transfer Admittance—5$ 


In — Drain Current—A 
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FORWARD BIAS SAFE 
OPERATING AREA 









Vps- Drain to Source Voltage—V 


FORWARD TRANSFER 

ADMITTANCE vs. DRAIN CURRENT 

100 eS pg 10 V 
och — For +4 Pulsed — 











0.011 
0.01 0.1 1 10 100 
Ip~ Drain Current—A 
DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 
SOURCE VOLTAGE 
0.7 ) 
0.6-— 
0.5 
0.4 
0.3} 
0.2 
0.1 
0 5 10 0=—s—Cd15 sO 
Vas-—Gate to Source Voltage—V 


- Total Power Dissipation —W 


PT- 


“A 


ISp — Reverse Drain Current 


RDS(on)- Drain to Source On State Resistance— 2 





0.1 





50 





NEC ELECTRON DEVICE 





TOTAL POWER DISSIPATION vs. 


AMBIENT TEMPERATURE 


Ta— Ambient Temperature — °C 


SOURCE TO DRAIN DIODE 


FORWARD VOLTAGE 





0 02 04 06 O08 10 12 1 


VSD —Source to Drain Voltage—V 


4 






— \~Pulsed | 
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DRAIN TO SOURCE ON-STATE 


RESISTANCE vs. CHANNEL 
TEMPERATURE 


ed 


o..|©40 BO 120 160 
Teh—Channel Temperature 


‘C 


NEC tcectron vevice | | 2SK703 





















e 

: GATE TO SOURCE CUTOFF 
oy DRAIN TO SOURCE ON-STATE > VOLTAGE vs. CHANNEL 

= RESISTANCE vs. DRAIN CURRENT TRANSFER CHARACTERISTIC Mi TEMPERATURE 
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c SWITCHING CHARACTERISTICS 
i} —— a= eee +t SH YCC 50 V | sas 
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Ip — Drain Current—A 


SWITCHING TIME TEST CIRCUIT 


Gate to 
| RL Source 
DUT Voltage 
| Waveform 
Vcc 


Drain 
Current 
| Waveform] 





T= i us 
Duty Cycles 1 % 
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EK 


ELECTRON DEV 


DESCRIPTION 


FEATURES 





ICE 


The 25K704 is N-Channel MOS Field Effect Power Transistor 
designed for solenoid, motor andJamp driver. 


@ 4¥V Gate Drive — Logic level — 
@ Low Rps(on) 
® No Second Breakdown 


ail 


ABSOLUTE MAXIMUM RATINGS 


Maximum] emperatures 


Storage Temperature ............ —55 to +150°C 

Junction Temperature .......... 150 °C Maximum 
Maximum Power Dissipations 

Total Power Dissipation ............ = aee W 

Total Power Dissipation (Tp =25°C)... 50 W 
Maximum Voltages and Currents (Ta = 25 °C) 

Voss Drain to Source Voltage. .... 60 V 

Voss Gate to Source Voltage ..... +20 ~2V 

Ip(poc) Drain Current (DC)....... . A 

ID(pulse) Drain Current (pulse)*...... #20 A 


*PW =300 us, Duty Cycle = 10 % 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL 


RDS(on) 


RDS(on) 


VGSloff} 
IY fs| 
Ipss 
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CHARACTERISTIC 


Drain to Source On-State 
Resistance 

Drain to Source On-State 
Resistance 

Gate to Source Cutoff Voltage 
Forward Transfer Admittance 
Drain Leakage Current 

Gate to Source Leakage Current 
Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 





N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 





2SK704 





PACAKGE DIMENSIONS 


in millimeters (inches) 


m'_ 10.6 MAX, 
;@ (0.417 MAX} 4.8 MAX 
om (G41? MAX + 3.6+0.2 (0,189 MAX.) 


~1.3+0.2 
(0.051) 


232 MIN.) |= 
15.5 MAX. 
(0.610MAX.} 


E 


(0.236 MAX 
12.7 MIN 
(0.500MIN. } 


. Drain 
- Source 
. Fin (Drain) 


JEDEC: TO-220AB 





TEST CONDITIONS 


ee 


Ves =10V, Ip =5 A 


Vos=4V,Ip=5A 


Vps=10V,lp=1mA 
Vps=10V,Ip=3A 
Vps = 60 V, Vas =0 
V6s=+t20V,Vps=0 
Vps=10V 


Ves = 0 
f= 1MHz 


Ip=3A, Veco + 10V 
R_ =172 
Rin = 10 2 


NE ELECTRON DEVICE 


TYPICAL CARACTERISTICS (T, = 25 °C) 











DERATING FACTOR OF FORWARD FORWARD BIAS SAFE 
BIAS SAFE OPERATING AREA . OPERATING AREA 
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a 
Oo 
oF 


PT Total Power Dissipation—W 


A 


Isp — Reverse Drain Current 


Drain to Source On State Resistance 2 


RDS(on) 


2SK704 





TOTAL POWER DISSIPATION vs. 
ny Naahibedoniald TEMPERATURE 
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Tag—Ambient Temperature 


40 16C 
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SOURCE TO DRAIN DIODE 
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—— SS === Pulsed 
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2SK704 


DRAIN TO SOURCE ON-STATE 
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Ip — Drain Current— A 
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Ip — Drain Current— A 


SWITCHING TIME TEST CIRCUIT 


RESISTANCE vs. DRAIN CURRENT 


| Pulsed | 


DUT 
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Duty Cycle=1 % 


Ip — Drain Current—A 


10 


TRANSFER CHARACTERISTIC 


10K.-———+- 


2.0 
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Ce ea 
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V@s— Gate to Source Voltage V 
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Gate to 
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L Source 
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Drain 
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Waveform) 
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GATE TO SOURCE CUTOFF VOLTAGE 





160 
Teh— Channel Temperature — °C 


80 120 200 


VGS(off)~ Gate to Source Cutoff Voltage - V 








FE 


N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK705 





ELECTRON DEVICE 








eee 


PACKAGE DIMENSIONS 


in millimeters (inches) 


DESCRIPTION The 2SK705 is N-Channel MOS Field Effect Power Transistor 
designed for solenoid, motor and lamp driver. 


FEATURES @ 4V Gate Drive — Logiclevel — 


® Low Rps(on) 
; ® No Secondary Breakdown as ae 


a" (0118) 
| f= 0276, | as SET: | 


Maximum Temperatures 


ABSOLUTE MAXIMUM RATINGS 





Storage Temperature............ —55to+150°C 
Channel Temperature .........., 150 °C Maximum 

Maximum Power Dissipations 
Total Power Dissipation (Tg = 25 °C)... 2.0 W 
Total Power Dissipation (T7.= 25°C)... 35 WwW 

Maximum Voltages and Currents (Ta = 25 °C) | 
Vpss Drain to Source Voltage..... 60 V 0051 (0020) 
Voss Gate to Source Voltage ..... ~.+20 V lanes 
Ip(ipc) Drain Current (DC)........ +5 A. “al 
ID(putse) Drain Current (pulse)*...... +20 A i dane 


2 Drain 
3 Source 


*PW = 300 ws, Duty Cycles <= 2 % 





ELECTRICAL CHARACTERISTICS (Ta = = 25 °C) 


SYMBOL CHARACTERISTIC TEST CONDITIONS | 


Drain to Source On State 


Vec=10V,In= 
Resistance GS yo on 


Rpsi(on) 


Drain to Source On-State 


Rbs(on) 


VGSloff] 
lV fs| 
IDSs 
IGss 
Ciss 
Coss 
Cres 
td(on) 
tr 

td (off) 
tf 


Resistance 

Gate to Source Cutoff Voltage 
Forward Transfer Admittance 
Drain Leakage Current 

Gate to Source Leakage Current 
Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 


Voes=4V,Ip=a5A 


Vps=10V,Ip=i1mA 
Vps=10V,Ip=3A 
Vos =60V, VGgs=0 
Ves =+20 V,Vps=0 


Vos =10V 
Vas =0 
f= 1MHz 


Ip =3A, Vec =50V 
Rin= 102 
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2SK705 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING FACTOR OF FORWARD 
BIAS SAFE OPERATING AREA 


% 





100 


80}— 


60 


40}- 


20 





dT — Percentage of Rated Current 


0 40 60 80 100 120 140 160 
T-. —Case Temperature —°C 


DRAIN CURRENT vs. DRAIN TO 
SOURCE VOLTAGE 
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CAPACITANCE vs. DRAIN TO 
SOURCE VOLTAGE 
.. 10000 —- 
o 
tn) 
e 
bi 
3. 
fa. 
co 
i. 
= 


Ciss: Gass, Crss. 


Vps- Drain to Source Voltage—V 
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FORWARD BIAS SAFE 
100 OPERATING AREA 






Ip~ Drain Current A 


Vps— Drain to Source Voltage Vv 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 












Forward Transfer Admittance—$& 


Vis 


Ip — Drain Current—A 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 
SOURCE VOLTAGE 


| 
| i 
—- ————__—_}—__—__++—_ — - ' 


0.3] 


Vq@s—Gate to Source Voltage—V 


RDS(on)— Drain to Source On State Resistance~ 0 


NE Cc ELECTRON DEVICE 





TOTAL POWER DISSIPATION vs. 
0 AMBIENT TEMPERATURE 


PT Total Power Dissipation—w . 






: 90 120 86150 
Ta— Ambient Temperature— °C 


SOURCE TO DRAIN DIODE 
FORWARD VOLTAGE 


Isp - Reverse Drain Current—A 


0 02 04 06 08 1.0 12 14 16 
Vsp—Source to Drain Voltage--V 


DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. CHANNEL 
TEMPERATURE 





Tch — Channel Temperature — °C 


RDS(on)~ Drain to Source On State Resistance— 1 


NEC trectron oevice 2SK705 
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e RESISTANCE vs. DRAIN CURRENT 7 vs. CHANNEL TEMPERATURE 
i O85 

a meni itil , Pulsed a | 

ci ee | es 8 & 

es ment Pita | | + 

= os tH ta : $ 

s : : ‘a 

wn r= — 

= Os = S 

Oo 5 a 

a oO be 

= £ = 

3 02 e a 

7) ee bo 

o 

pw 2 

e Of oS = 

5 = 

= | | = 

= oi | | 100 ‘0 10 26 30 4050 60 © 7 “200 
o uy ; 
7 Ip - Drain Current A VGs— Gate to Source Voltage V > Tch~ Channel Ternperature — °C 
a 

a 
£ 

aD 

c 
& 
s 
2 
wn 

S 
3 
S 

< 

= 
ne 

ip — Drain Current -—A 
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Duty Cycle=1 % 
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N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK736 


'D) 


ELECTRON DEVICE 














DESCRIPTION The 2SK736 is N-Channel MOS Field Effect Power Transistor - 
designed for solenoid, motor and lamp driver. | PACKAGE DIMENSIONS 


in millimeters (inches) 


he 


FEATURES @® Gate Drive — Logic level — 
@ Low Rpsion) 
=~ @ No Secondary Breakdown | Pet od te 47 MAX | 
0. Rex: rie} 
ABSOLUTE MAXIMUM RATINGS _ (0.2763 0.126). | 
Maximum Temperatures | | 
Storage Temperature. ..... eer —55 to +150 °C 
Channel Temperature ...... .... 150°C Maximum 
Maximum Power Dissipations 
Total Power Dissipation (T;=25°C)... 2.0 We 
Total Power Dissipation (Te = 25°C)... 35 We 
Maximum Voltages and Currents (Tg = 25 °C) 
Voss Drain to Source Voltage..... 100 £V 
Vo6ss Gate to Source Voltage ..... +20 V 
Ip(pc) Drain Current (DC)........ 415 A 
ID(pulse) Drain Current (pulse)”...... +60 A 


*PW = 300 us, Duty Cycle =10% 





ELECTRICAL CHARACTERISTICS (Tj = 25 °C) 


| SYMBOL CHARACTERISTIC TEST CONDITIONS 


Drain to Source On-State 


V =10V,InN=6A 
Resistance GS D 


RDS(on) 


Drain to Source On-State 


Vas=4V,Ip=6A 
Resistance GS D 


RDS(on) 


VGS(off) Gate to Source Cutoff Voltage 1. 2. V Vpsg=10V,Ip=1mA 
lV fs! Forward Transfer Admittance : Vps=10V,ID=6A 
Ipss Drain Leakage Current Vps = 100 V, Vgs =90 
IGss Gate to Source Leakage Current Vos = 220 V,Vps =0 
Cisse Input Capacitance 

Coss Output Capacitance 

Crss Reverse Transfer Capacitance 


tdlon) Turn On Delay Time 
Ip =6A, Vec =50 V 


tr Rise Time 
RL =5n 


td (off) Turn Off Delay Time Rin =102 


tf Fall Time 
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Input Capacitance — pF 


Ciss 


NEC tcectron oevice 2SK736 





TYPICAL CHARACTERISTICS (Ta = 25 °C) 













DERATING FACTOR OF FORWARD BIAS | TOTAL POWER DISSIPATION vs. 
SAFE OPERATING AREA FORWARD BIAS SAFE OPERATING AREA AMBIENT TEMPERATURE 
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Ip — Drain Current—A 


Vos Drain to Source Voltage- V 


Output Capacitance — pF 





Coss - 
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2SK736 NEG ttectron oevice 
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iD) 


ELECTRON DEVICE 





DESCRIPTION The 2SK737 is N-Channel MOS Field Effect Power Transistor 
designed for solenoid, motor and jamp driver. 
FEATURES @ AV Gate Drive — Logic level — 
® Low Ros (on) ) 
: @ No Secondary Breakdown” 


. 
oe 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature............ —55 to +150 °C 

Channel Temperature ..... ..... 150°C Maximum 
Maximum Power Dissipations 

Total Power Dissipation (Ta = 25 "Cy... 20 W 

Total Power Dissipation (Te =25°C)... 35 W 
Maximum Voltages and Currents (Ta = 25 C) 

Vpss Drain to Source Voltage 100 ~=V 

Voss Gate to Source Voltage ..... +20 2V 

Ip(Dc) Drain Current (DC) +12 A 

Ip (pulse) Drain Current (pulse)" .... . ~ +60 A 


* PW <300 us, Duty Cycle 10 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC 
| Drain to Source On-State 


Rnes 
DS(on) Resistance 


R Drain to Source On-State 
DS(on) Resistance 
VGSloff) Gate to Source Cutoff Voltage 


lyts | Forward Transfer Admittance 


Ipss - Drain Leakage Current 


IGss 
Ciss 
Coss 
Crss 
td(on) 
tr 
td(off) 
ty 


Gate to Source Leakage Current 
Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn On Delay Time 

Rise Time 

Turn Off Delay Time 


| Fall Time 


N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 





2SK737 


PACKAGE DIMENSIONS 


in millimeters (inches) 


MAX. 4.7 MAX 
3 MAX) (0 185) 


[>= 3.0 MAX 








(0.118) 


17+0.2 
(0.669 ) 


| 08+0.1 
| (0.031) 


2.54 


Tt) Gate 
@ Drain 
3) Source 





TEST CONDITIONS 


Ves=10V, Ip=6A 


Ves=4V,Ip=6A 


Vps= 10 V, Ip=1mA 
Vpos=10V,IDp=6A 
Vps = 100 V, Vgs=0 
VG6s = +20V, Vps = 0 
Vps =10V 


Ves =0 
f= 1 MHz 


Ip =6A, Voc =50 V 
RL =52 
Rin = 102 
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Ciss —Input Capacitance — pF 
Coss — Output Capacitance — pF 


2SK737 oe NEC ctectron DEVICE 





TYPICAL CHARACTERISTICS (Ta = 25 °C) 


DERATING FACTOR OF FORWARD FORWARD BIAS SAFE OPERATING TOTAL POWER DISSIPATION vs. 
BIAS SAFE OPERATING AREA praeey : AMBIENT TEMPERATURE 
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TRANSFER CHARACTERISTIC 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 









The 2SK773 is N-channel MOD Field Effect Power Transistor 
designed for switching power supplies DC-DC converters. 


® Suitable for switching power supplies, actuater controls, 
and pulse circuits. 

@ Low Ros (on) 

® No second breakdown 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature............ —55to+150°C 

Channel Temperature .......... 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 

Total Power Dissipation ............. 120 W 
Maximum Voltages and Currents (Ta = 25 °C) 

Voss Drain to Source Voltage...... 500 V 

Vess Gate to Source Voltage ...... +20 2V 

Ip(oc) Drain Current(DC)......... +412 A 

ID (pulse) Drain Current (pulse)*....... +40 A 


* PW = 100 us, Duty Cycle= 2% 


ELECTRICAL CHARACTERISTICS (Tg = 25 C) 


SYMBOL 
Ipss 


IGss 


VGSloff) 
l¥fs | 
RpS(on) 


Ciss 
Coss 
Crss 
td(on) 
tr 
tdloff) 
tf 
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CHARACTERISTIC MIN. 


Drain Leakage Current 
Gate to Source Leakage 
Current 


Gate to Source Cutoff 
Voltage 


Forward Transfer Admittance 


Drain to Source On-State 


Resistance 

Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 





N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 


2SK773 





PACKAGE DIMENSIONS 


in millimeters (inches) 










16.5 MAX. 
(0.650 MAX.) 







5.5 MAX. 
(0.217 MAX) 








(0.12 MAX.) 


19.5 MAX, 
(0.768 MAX.) 








IM) 


, 12.7 MIN. 


foe M 





1. Gate 
2. Drain (Fin) 
3. Source 






TEST CONDITIONS 


Ve6s=+t20 V, Vos=a 


Vps=10V,Ip=1mA 
Vps=10V, Ip=6A 


Vgs=10V,Ip=6A 


Vos = 10 V. Vos = 9, f= 1 MHz 


Ip = 6 A, Voc = 150 V 
VGS(on) = 19 V 

Ry =25 2 

Rin _ 10 & 
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TYPICAL CHARACTERISTICS (Tg = 25 °C) 


26 


dT Percentage of Rated Current - 


DERATING FACTOR OF FORWARD 
BIAS SAFE OPERATING AREA 
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ISp— Reverse Drain Current 
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FORWARD BIAS SAFE OPERATING 
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GATE TO SOURCE CUTOFF 


DRAIN TO SOURCE ON-STATE VOLTAGE vs. CHANNEL 
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SWITCHING CHARACTERISTICS 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 








The 2SK774 is N-channel MOS Field Effect Power Transistor 

designed for switching power supplies DC-DC converter. 

@ Suitable for switching power supplies, actuater controls, 
and pulse circuits 

@ Low Rps (on) 

® No second bréakdown 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature............ —55 to +150 °C 

Channel Temperature .......... 150 °C Maximum 
Maximum Power Dissipation (T. = 25 °C) 

Total Power Dissipation. ........... 120 W 
Maximum Voltages and Currents (T3 = 25 C) 

Voss Drain to Source Voltage..... 500 V 

Voss Gate to Source Voltage ..... +20 V 

Ip(oc) Drain Current (DC)........ +18 3A 

ID(pulsey Drain Current (pulse)*.....: ~ +60 A 


*PW = 300 us, Duty Cycle = 2 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


VGS(off) 
lVfs | 


RDS(on) 


Ciss 


td(on) 
tr 
td (off) 
tf 


CHARACTERISTIC 


Drain Leakage Current BA 
Gate to Source Leakage 
Current 


nA 


Gate to Source Cutoff Voltage 3. V 
Forward Transfer Admittance S 


Drain to Source On-State 3 
Resistance 


Input Capacitance 3 pF 
Output Capacitance pF 
Reverse Transfer Capacitance pF 
Turn-On Delay Time ns 
Rise Time ns 
Turn-Off Delay Time | 50 ns 


Fall Time 7 ns 





N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 
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PACKAGE DIMENSIONS 


in millimeters (inches) 
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, 12 7 MIN 


~~ MIN} 


5.45 5 45 
(0.215), 


(0.215) 


1. Gate 
2. Drain (Fin) 
3. Source 







TEST CONDITIONS 


Vps = 500 V, Veg =0 
Vos = +20 V, Vps=0 


Vpos=10V,Ilpb=1mA 
Vps=10V, Ip=9A 


Ves=10V,Ip= 9A 


Vps= 10 V, Veg =0, f= 1 MHz 


Ip =9A, Vcc = 150 V 


VGS(on) = 10 V 
RL =162 
Rin -_ 10 & 
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2SK774 


TYPICAL CHARACTERISTICS (Tz = 


DERATING FACTOR OF FORWARD 
BIAS SAFE OPERATING AREA 


a 
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dT — Percentage of Rated Current 


Ip — Drain Current—A 


10000 
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C—Capacitance— pF 
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DRAIN CURRENT vs. DRAIN TO 
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CASE TEMPE poidbebile 


a) 30 60 90 120 
Tc —Case Temperature — °C 


FORWARD TRANSFER 
ADMITTANCE vs. DRAIN 
CURRENT 


ee ee ee oe Lia. | 
. oo 





100 





—— Fam Beer 


tina 


HA pth pot 
PH 
—?n sues 








\ 





ee Drain Current — 





DRAIN TO SOURCE ON-STATE 


RESISTANCE vs. GATE TO SOURCE 
VOLTAGE 
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FORWARD BIAS SAFE OPERATING 
AREA 
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DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. CHANNEL 
TEMPERATURE 
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GATE TO SOURCE CUTOFF 


DRAIN TO SOURCE ON-STATE VOLTAGE vs. CHANNEL 
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Ip — Drain Current— A 





VGS(off)~ Gate to Source Cutoff Voltage— V 


VGgs~ Gate to Source Voltage—V Tch ~Channel Temperature— °C _ 


Ip — Drain Current--A 


RDS(on)~ Drain to Source On State Resistance —0 


SWITCHING CHARACTERISTICS 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 








The 2SK799 is N-channel MOS Field Effect Power Transistor 
designed for switching power supplies, DC-DC converters. 


@® Suitable for switching power supplies, actuater controls, 
and pulse circuits 


~ . © Low Rops(on) 


® No second breakdown 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
Storage Temperature .........-.. 
Channel Temperature 
Maximum Power Dissipation (T>. = 25 °C) 


—55 to +150 °C 
150 °C Maximum 


._ © *& © © © 8 © 


Total Power Dissipation............ 17120 W 
Maximum Voltages and Currents (Ta = 25 ~C) 

Voss Drain to Source Voltage..... 450 V 

Voss Gate to Source Voltage ..... +20 V 

Ip(ioc) Drain Current(DC)........ +12 A 

ID(pulse) Drain Current (pulse)*...... +40 A 


* PW = 100 us, Duty Cycle = 2 % 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL 


Ipss 
iGss 


VGS(off) 
lV fs | 


RpS(on) 


Ciss 
Coss 
Crss 
td(on) 
tr 
td(off) 
tf 
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CHARACTERISTIC 


Drain Leakage Current 


Gate to Source Leakage 
Current 


Gate to Source Cutoff Voltage 
Forward Transfer Admittance 


Drain to Source On-State 
Resistance 


Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 





N-CHANNEL MOS FIELD EFFECT POWER TRANSISTOR 









2SK799 











PACKAGE DIMENSIONS 


in millimeters (inches) 












_ 


Ax) | 





(012 MAX.) 





19.5 MAX. 
(0.768 M 






|(0.500 MIN.) 








2. Collector {Fin) 
3. Emitter 






TEST CONDITIONS 
Vps = 450 V, Ves =0 


Ves = +20 V, Vos = 0 


Vps = 10 V, Ip =1mA 
Vps=10V, ID=6A 


VGs=10V,Ip=6A 


Vos = 10 V, Ve6g= 0, f= 1 MHz 


Ip =6A, Vcc = 150 V 


VGS(on) = 10 V 
Rin = 102 
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TYPICAL CHARACTERISTICS (Tg= 


dT — Percentage of Rated Current — % 


-A 


Ip — Drain Current 


C— Capacitance — pF 


DERATING FACTOR OF FORWARD 
BIAS SAFE OPERATING AREA 
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DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. GATE TO 
SOURCE VOLTAGE 





Vqs— Gate to Source Voltage—V 


RDS(on) ~ Drain to Source On- State Resistance 
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FORWARD BIAS SAFE OPERATING 
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Ip — Drain Current — 





Vps-— Drain to Source Voltage -V 


SOURCE TO DRAIN DIODE 
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DRAIN TO SOURCE ON-STATE 
RESISTANCE vs. CHANNEL 
TEMPERATURE 
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DESCRIPTION The 2SK800 is N-channel MOS Field Effect Power Transistor 
designed for converters. 


PACKAGE DIMENSIONS 


in millimeters (inches) 








" 


FEATURES @ Suitable for switching power supplies, actuater controls, 
and pulse circuits (0217 MAN} 
ie os Low Ros (on) = sa i lad 


® Wo second bredkdown 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature...... -. eee. —55 to +150 °C 











\; 
Channel Temperature .......... 150 °C Maximum S itl 
Maximum Power Dissipation (Te = 25 C) “13 _|l || f (0 118) : 280 1 
Total Power Dissipation............ 120 W ; | JIL 1os+01- |. a 
Maximum Voltages and Currents (Ta = 25 ~C) | | [  @oa G26) 
Voss Drain to Source Voltage..... 450 £V : 
Voss Gate to Source Voltage ..... +20 V 
Ipioc) Drain Current(DC)........ +18 A 
ID(pulse) Drain Current (pulse)*...... ~ +60 A 
i 1. Gate 
2. Drain (Fin} 


* PW = 100 us, Duty Cycle= 2% 3, Source 


ELECTRICAL CHARACTERISTICS (Tz = 25 °C) 





SYMBOL —~—S CHARACTERISTIC. ~—__C MIN. TEST CONDITIONS 


—— ee — SS —SSS —as 


loss Drain Leakage Current wA Vos = 450 V, VGs =O 


Gate to Source Leakage 


| Vas = +20 V, Vps=0 
GSS Current a DS 


VGSloff) Gate to Source Cutoff Voltage V Vps=10V,Ip=1mA 

lyfs | Forward Transfer Admittance Vps=10V,Ip=9A 

Hedion) = to Source On-State | a a Vgs=10V, 1p =9A 
Resistance 

Cis Input Capacitance pF 

Coss Output Capacitance pF Vps= 10 V, Vgsg=0, f= 1 MHz 

Cres Reverse Transfer Capacitance 1 pF 


tdion) Turn-On Delay Time ns 
Ip =9A, Vec = 150 V 


Vos =10V 
tdloff] Turn-Off Delay Time a se hbk a 


tr Rise Time | ns 


tf Fall Time | ns 
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TYPICAL CHARACTERISTICS (T, = 25 °C) 


DERATING FACTOR OF FORWARD TOTAL POWER DISSIPATION vs. Tee BIAS SAFE OPERATING 


Fa ices cat 
ae a 
> NS 


BIAS SAFE OPERATING AREA CASE TEMPERATURE 
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PT - Total Power Dissipation— W 
Ip— Drain Current —A 





dT — Percentage of Rated Current 
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The 3SK74 is designed far use in RF Amplifier and 


MIXER for VHF TV Tuner. 


DESCRIPTION 
FEATURES sd 
~ TV Tuner. 
| ® Low C,.. 
@ High PG 
@® Low NF 


Suitable for use as RF Amplifier & Mixer in VHF 


:0.03°pF TYP. 
> 22 dB TYP. 
: 2.0 dB TYP. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature........ —65 to +125 °C 

Channel Temperature ..... +125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 

Total Power Dissipation ............ 200 mW 


Maximum Voltages and Current (Ta=25 °C) 


Vpsx 
VGis 
Vegas 
ID 


Drain to Source Voltage ....-. 20-- V 
Gatel to Source Voltage ..... +10 V 
Gate2 to Source Voltage ..... +10 V 
Drain Current ............25 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL 
Ipss 


VG1Sloff) 
VG2Sloff) 


IV ge 


Input Capacitance 
Output Capacitance 


Ciss 
Coss 
Crss 
Gps 
NF 
IG1Ss 
IG2ss 
BVpsx 


Power Gain 
Noise Figure 


Classification of Ipss 


Rek [i 





CHARACTERISTIC 


es ee 
| 


Zero-Gate Voltage Drain Current 
Gatel to Source Cutoff Voltage 
Gate? to Source Cutoff Voltage 


Forward Transfer Admittance 


Reverse Transfer Capacitance 


Gatel Reverse Current 
Gate? Reverse Current 
Drain to Source Breakdown Voltage 








lpss Test Conditions : Vps=6.0 V, Vgi1s=0, VG2s5=3.0 V 
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MOS FIELD EFFECT TRANSISTOR 


ial 


Se ree el ere: sees 


‘PACKAGE DIMENSIONS 


in millimeters (inches) 


‘TT 4 
' 


4.0 MIN, 
(0.158 MIN.} 






== 
= 
oc 
T = 
> ttl. 2 
af os 1s ae ey pt r 
© 0.65 (0.020) 
2 MOAR RING — 
_ —_ ae) 
at o rl mo 
we 7S ai ; at 
a3 = 
= 2 
20 = - 
ry Pr 
oS cy ei 
— 5S nas? ; 
qe @4.0MAX. 
E (60.157 MAX.) 





mS 


pF 
pF 
pF 
dB 
dB 
uA 
uA 


V 








TEST CONDITIONS 


Vps=6.0 V, VGis=0, VG2s=3.0 V 
Vps=6.0 V, Ve2s=0, Ilp=5.0 uA 
Vps=6.0 V, VGis=0, |p=5.0 uA 
Vps=6.0 V, Ilp=10 mA, VG2s=3.0 V 
f=1 kHz 


Vps=6.0 V, Ip=10 mA, VG2s=3.0 V 
f=1 MHz 


Vps=10 V, |lp=10 mA, f=200 MHz 
VG2=5.0 V (See Test Circuit) 
Vos=0, VGis=+10 V, VG2s=0 
Vps=0, VG1s=0, Ve2s=+10 V 
VGois=—3.0 V, VG2s=3.0 V, |lp=500 nA 





NEC trectron vevice | 3SK/74 





TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs, DRAIN CURRENT vs. | 
AMBIENT TEMPERATURE DRAIN TO SOURCE VOLTAGE 7 GATE1 TO SOURCE VOLTAGE 





20 20 

= 
= 
| < P 
S | E 
= 5 : 
2 = 5 
= Oo < 10 
= pi ae 
v £ 
= = = 

. z 
a. | : 
S = 7 
: 7 Oo 
7 
a Na oe 

9 25 5078 100. «125 Oo 
Ta= Ambient Temper ature — tS ¥G1s —Gatel to Source Voltage — V 

FORWARD TRANSFER ADMITTANCE vs. FORWARD TRANSFER ADMITTANCE vs. INPUT CAPACITANCE vs. 
GATE1 TO SOURCE VOLTAGE DRAIN CURRENT GATE2 TO SOURCE VOLTAGE 


Yos= 6.0 ¥ 
\f=1.0 MHz 


———+—$_—$_}—____,———— 


Forward Transfer Admittance -—mS 


Cicg—tnput Capacitance — pF 





tel — Forward Transfer Admittance —mS 





Yts- 





2 re: 1.0 -1.0 0 10 20 3.0 4.0 
Vgis —Gatel to Source Voltage--V lp —Drain Current—mAé Ve25 ~Gate2 to Source Voltage —V 
TYPICAL CHARACTERISTICS of “Y”" PARAMETERS 
OUTPUT CAPACITANCE vs, INPUT ADMITTANCE (yje) FORWARD TRANSFER ADMITTANCE (y¢z) 
GATE? TO SOURCE VOLTAGE vse. FREQUENCY vs. FREQUENCY 
oye | “1 gts Forward Transfer Conductance -—mS 


Vos = 6.0 Vi 


= 


10 20 9 100 MHz 30 
Vpp=6 Vii | | 
Voag=3 V 
lp= 10 mA 


| | f=1,0 MHz| 
4.0 | =p ” —s =o — re in 





300 MHz 7 


ee eee 














+--+ - + 








big ~ Input Susceptance — mS 





Cogs ~ Output Capacitance — pF 





0 EES = 
aaa FO? 0 1.0 2.0 3.0 4.0 
Vaosg —Gate2 to Source Voltage—V Big ~ input Conductance — mS 


bf; — Forward Transfer Susceptance -- mS 


= 
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3SK74 NEG etvectron oevice 

















REVERSE TRANSFER ADMITTANCE (yrs) OUTPUT ADMITTANCE (yo.) POWER GAIN vs. DRAIN CURRENT 
vs. FREQUENCY vs. FREQUENCY 
. a ae 
V2 a lJ oy are (ai) ae Meas) a ee eee) Gs | | 
Ybs oe V — oo — -—- . i . | =< Ybs ~ ® ' - ‘ - + — * | | i ts a | 
“a2g = YJ : @ | Veas=3 ¥ | | ——_—— 
In= 10 mA T : . . = TS + 4 | In= id mA! ‘ } 1 . 1 mom | tL | : 





__ 300 MHz 


f=200 MHz 
Vns=10 V 
) Vaos=/ ¥ 
8 Ve2s=5 Vi! 
* Vees=3 V 


Gps —Power Gain-—-dB 





bog Output Susceptance 


0 Z S 6 § 10 


Reverse Transfer Suscentance --msS 





0 0.1 0.2 0.3 0.4 0.5 


















ez) 
2 Ip —Drain Current—mA 
Brs— Reverse Transfer Ec Output Conductance --mS 
POWER GAIN vs. NOISE FIGURE vs. NOISE FIGURE, POWER GAIN vs. 
DRAIN TO SOURCE VOLTAGE DRAIN CURRENT GATE2 TO SOURCE VOLTAGE 
t | fT kl adh, Ss Gel [ee RRR | 
| 5 f= 200 MHz | 
= oU Y ] | Ying 
OF = a tu. es Vos=10 V | 
“3 = ee ee. 1, = 4 - f + a coe 6 " . 
3 7 s 20F 
i, wf = © 
_ iVps = 10 Vi In= 10 mA Le oI 10 fF 
ty nt a ae 
= Gs =7 g 4 
ny @Vcqog=5 V | [) 4 
= c 
| x Vaog=3 ¥ | , & oO 
wr (Ip=6.0 mA) Le 
co ae | : | = 5 
—~19 — 
Ee See (| es aa ee ee eo ee c 
10 20 “1 0 Lf 2 3 4 5 6 7 8 
Vog—Orain to Source voltage=V Ip— Drain Current —mA Vgag~Gate2 to Source Voltage ~V 


200 MHz POWER GAIN & NOISE FIGURE TEST CIRCUIT 


¥g2s 
1) Vos =10 V, Ip=10 mA, f=200 MHz 
Ze kK 1 000 p 
1 000 pr 
INPUT 7 p vr 
@—|-— Ly 
50 2 , 






Ly: 0.6mm U.E.W. 67 mm 3T 
Lo: 0.6 mm U.E.W. 67 mm 3T 
Lz: RFC 2.2 wH 
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Noise Figure -- dB 


NF 





iD) 


ELECTRON DEVICE 


N-CHANNEL SILICON DUAL-GATE MOS FIELD EFFECT TRANSISTOR 


3SK87 









DESCRIPTION The 3SK87 is designed for use as RF Amplifier in UHF 
TV Tuner. 
Especially recommended for half wave length resonator 
type tuner (A/2). 


PACKAGE DIMENSIONS 


in millimeters (inches! 







“ 4.0 MIN. 
(0.158 MIN. 


FEATURES @ Low C,<¢ : 0.02 pF TYP. 
@ High Gp, : 18.dB TYP. 
@®LowNF :3:8dB TYP. 







ene el 
= 10.0 MIN. 
ZZ (0,394 MIN) 











ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 





Storage Temperature ...... LE eewen —55 to +125 °C ¥2¢-—-4 
} Channel Temperature........... +125 °C Maximum 33 _ 
7 Maximum Power Dissipation (Ta=25 °C) “S 
Total Power Dissipation ...............0.. 200 mW 
Maximum Voltages and Current (Ta=25 °C} 
Drain to Source Voltage Vpsx ......... 20 WV 
Gatel to Source Voltage Vois ......... t10 ~=2OV 
Gate2 to Source Voltage Voo5 .........- +10 +V 
Drain Current Ip 4. eS 25 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 

loss Zero-Gate Voltage Drain Curre 0.5 8 mA, Vos=10 V, Veasg=4.0 Vv, VGo1s79 

IVs. Forward Transfer Admittance 18 22 ms Vps=10 V, VGasg=4.0 V, Ip=10 mA, f=1.0 kHz 
Cigs Input Capacitance 1.5 2.0 3.5 pF Vps=10 V, Vea5=4.0 V, Ip=10 mA, f=1.0 MHz 
Coss Output Capacitance 0.5 1.1 1.5 pF Vosg=10 V, Veag=4.0 V, I[p=10 mA, f=1.0 MHz 
Crss Reverse Transfer Capacitance 0.02 0.03 pF Vps=10 V, Vgag=4.0 V, Ip=10 mA, f=1.0 MHz | 
Gps* Power Gain 15 18 ae dB Vps=10 V, Vgag=4.0 V, Ip=10 mA, f=900 MHz | 
NF * Noise Figure 3.8 5.5 dB Vps=10 V, Vg2g5=4.0 V, Ip =10 mA, f=900 MHz | 
VG1Sloff) Gatel to Source Cutoff Voltage 2.0 V Vps=10V, VG95=4.0 V,Ip=10 vA 

VG2Sloff) Gate2 to Source Cutoff Voltage = V Vps=10 V, VG1s=4.0 V, Ip=10 uA 

IGiss Gatel Reverse Current +20 nA Vps=90, Vgisg=110 V, Vgos=0 

lG2ss Gate2 Reverse Current +20 nA Vps=0, Vg7g=+10 V. VGgis=90 

BVpsx Drain to Source Breakdown Voltage 20 24 V Va1s = VG9s5=-2.0.V, Ip=10 uA 


* See Test Circuit 


Classification of Ipss 










IpssimA) | 9.5—5.0 : 
Ipss Test Conditions: Vps=10 V, Vgasg=4.0 V, VGg7g=0 
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TYPICAL CHARACTERISTICS (Ta=25 “C) 











TOTAL POWER DISSIPATION vs. DRAIN CURRENT vs. DRAIN CURRENT vs. 
AMBIENT TEMPERATURE ‘ DRAIN TO SOURCE VOLTAGE GATE1 TO SOURCE VOLTAGE 
= W628 4.0 V 
c 
2 =x = 
s E € 
a 
B < € 
oO = = 
3 Ss 3 
= 
: § g 
= ras a 
= ) 
7 2 ro 
et 
ail 
Ta~Ambient Temperature ~‘C - 10 G +10 
Vos — Drain to Source Voltage —‘\ Veig—Gatel to Source Voltage —V 
FORWARD TRANSFER ADMITTANCE FORWARC TRANSFER ADMITTANCE INPUT CAPACITANCE vs. 
vs. GATE1 TO SOURCE VOLTAGE vs. DRAIN CURRENT . GATE2 TO SOURCE VOLTAGE 
25 c 25 
2 ¢ | Vps=lOVi | | 
f=10 MHz} 
Lilt] by 
e a Lio 
e — 20 a 
re) aq 
~ = Lb 
= E a) 
2 z= 8 
fis = lS = 
S s : 
i Fe 10 2 
= = = 
eI a 
i it io oO 
| 
“y un 
ca ~ 
: oO 0 -—1.0 0 1.0 2.0 3.0 4.0 
Vgisg ~Gatel to Source Voltage~V Ip —Drain Current—mA Vagos —Gate2 to Source Valtage—-V 
TYPICAL “Y”" PARAMETERS 
OUTPUT CAPACITANCE vs. INPUT ADMITTANCE vs. FORWARD TRANSFER ADMITTANCE 
GATE2 TO SOURCE VOLTAGE FREQUENCY vs. FREQUENCY 





f=1,0 MHz 
|| SC 





Ypg=10 ¥ Ho 










Coss ~ Output Capacitance — pF 
—Input Conductance —mS 
input Susceptance — mS 





Forward Transfer Susceptance - mS 


Ris 
bis 
Sfs~Forward Transfer Conductance — mS 


Des 





~1.0 0 1.0 20 30 4.0 te. 
Vg25 ~Gate2 to Source Voltage ~V A400 600 800 1000 400 600 800 1000 


f —Frequency —MHz f~Frequency —MHz 
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NEC ELECTRON DEVICE 


REVERSE TRANSFER ADMITTANCE 
vs. FREQUENCY 


OUTPUT ADMITTANCE vs. 
FREQUENCY 


Vos = 10 V 
Irn = 10 ms 


=ms 
mS 





ms 
rss 


Reverse Transfer Susceptance 
Output Susceptance ~ 


Bos Output Conductance 


Dos 


fro Reverse Transfer Conductance 


brs 





600. 800 






600 800 L000 ANG 1000 
f-- Frequency ~— MHz f—Fraquency ~ MHz 
900 MHz Gos & NF TEST CIRCUIT 
Veos(40¥) : 
10 p 
INPUT Q— 
90 0 
Ly 
77 
oO } vr ; 
Veis Vpp(10 V) L,, Lb, : 35mm X 5.0mm xX 0.2mm 


copper 





NF - Noise Figure dB 








en dB 


Power Gain 





3SK87 





POWER GAIN AND NOISE FIGURE 
vs. GATE2 TO SOURCE VOLTAGE 
£=900 MHz rT T 
Vos=i0 ¥ I | 


Vg25=4.0V at ip =10 mal 


~20 9g 20 40 60 80 
Vgog —Gate2 to Source Voltage -V 
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MOS FIELD EFFECT TRANSISTOR 


3SKS7A 






NE 


ELECTRON DEVICE 








FEATURES @ Suitable for use as RF amplifier in UHF TV. tuner. 
(RF Amp. for half wave length resonator : )/2) 


® LowC,,, : 0.02 pF TYP. 
® High Gp, : 20.0 dB TYP. 
® LowNF : 3.0dBTYP. 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
V psx Drain to Source Voltage 20 V 
Veis Gate1 to Source Voltage +8 (£10)* V 
Veos Gate2 to Source Voltage +8(+10)" V 





Ip Drain Current 20 mA 
P+ Total Power Dissipation 200 mW 
Bes Channel Temperature 125 "C | | 
| 5 ¢ 4.0 MAX. 1. Gate2 
Tstg Storage Temperature —55to+125 “C 2. Gate1 
a. Source 
*RL 210 kn ~ 4. Drain 






eee 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 








SYMBOL CHARACTERISTIC = ~~ ~-MIN. __‘ TYP, . TEST CONDITIONS 


Drain to Source Breakdown 


BVpsx Veis = VG2s =—2 V, Ip = 10 HA 


Voltage 
lpss Drain Current 0. Vps=10V, VG2s -=4V,VGis=9 
VG1Sloff)} Gatel to Source Cutoff Voltage ; Vps = 10 V, Veas =4 V, Ip =10 HA 
VG2Sloff) Gate2 to Source Cutoff Voltage --0.7 Vps=10V, Vais =4V,!Ip= 10KHA 
IG1ss Gate1 Reverse Current | Vps = 0, Vgis = #8 V, Ve2s =0 
lG2ss Gate2 Reverse Current + Vps = 0, Ve2s = £8 V, VG1s =0 
lV¢sl Forward Transfer Admittance Sa ae UGGS 2 Vall ean 
Input Capacitance 
Vps = 10 V, Vgas =4V,Ip =10MmA 


Output Capacitance 
f= 1MHz 


Reverse Transfer Capacitance 
Power Gain Vos = 10 V, Vegas =4V,Ip=10mA 
Noise Figure ‘ f = 900 MHz 


UNIT: mA 





**See Test Circuit 
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TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


PT-—Total Power Dissipation— mW 
Ip-- Drain Current—mA 





0 25 8=§©— 50 75 100. 125 


Ta—Ambient Temperature — °C 


FORWARD TRANSFER ADMITTANCE 
vs. GATE1 TO SOURCE tak 


| tty 

CCE CS 
SRD / See 
Bap” ZN uae 


0 
—1.0 + 1.0 





‘yfs| —Forward Transfer Admittance— mS 
lyfs| —Forward Transfer Admittance—m3 


VG1s—Gate 1 to Source Voltage—V 


OUTPUT CAPACITANCE vs. 
3 GATE2 TO SOURCE VOLTAGE 


Coss— Output Capacitance — pF 
NF —Noise Figure—dB 





VG25— Gate 2 to Source Voltage—V 





3SK87A 


DRAIN CURRENT vs. DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE GATE1T TO SOURCE VOLTAGE 










<< 
E 
® 
5 
= 
£ 
Lis) 
a 1 
2 | | WA) 
(me?! Z2Z44 
Vps— Drain to Source Voltage—V VG1s~— Gate 1 to Source Voltage—V 
FORWARD TRANSFER ADMITTANCE INPUT CAPACITANCE vs. 
vs. DRAIN CURRENT GATE2 TO SOURCE VOLTAGE 
‘a. 
: 
- 
S 
2 4c] corer 
£ 
y pty BRR EE 
6 core pt tT TT 
SSR ERRERR 
~1.0 20 3.0. 40 
Ip—Drain Current—mA Vq2s- Gate 2 to Source Voltage—V 


POWER GAIN AND NOISE FIGURE 
vs. GATE2 TO SOURCE VOLTAGE 





—20 0 20 40 #2460 8.0 
VGg25—Gate 2 to Source Voltage—V 


het 


3SK87A NEC tcectron oevice 





S-PARAMETER, Y-PARAMETER 


$1, Y1 S1—MAGN AND ANGLES : 

CONDITION FREQ 11 21 12 22 
Vps=10V 200.000 0.971 —20.4 2.178 152.9 0.002 88.8 0.983 —8.0 
vees =4V 300.000 0.928 —309 2.129 138.2 0.003 64.4 0.973 -118 
Ips = 10 mA 400.000 0907 —40.1 2.094 126.0 0.002 156.1 0.961 ~15.6 
500.000 0.855 —49.2 1.987 114.2 0.004 —176.0 0.937 —18.9 
600.000 0.826 —58.6 1.968 102.1 0.009 —173.6 0.940 —21.3 
700.000 0.777 —67.4 1.917 91.3 0.014 -—176.3 0.949 —25.0 
800,000 0.740 —75.4 1.881 79.4 0.023 —176.5 0.948 —279 
7 900.000 0.694 831 1.908 66.0 0.029 179.1 0.969 —32.5 
= 1000.000 0.659 —89.8 2.018 51.9 0.040 —179.0 1.019 —37.4 

Y1-—MAGN AND ANGLES : , x 

FREO 11 21 12 7 22 
200.000 3.587 85.1 22.687 —13,4 0.021 ns i 1.389 83.1 
300,000 5.533 81.8 23.300 2312 0.032 —95.0 2.059 82.9 
400,000 7,348 81.0 24.068 —27,4 0.021 a7 2.752 81.1 
500,000 9.286 77.9 24.720 —34,2 0.051 35.6 3.382 77.7 
600,000 11.406 76.6 26.011 —41.5 0.112 42.8 3.784 78.7 
700,000 13.532 73.4 27.351 —48.1 0.207 44.4 4.381 80.5 
800.000 15.628 70.7 29.027 —56.7 0.348 47.3 4.815 80.0 
900.000 17717 67.0 31.774 —66:9 0.490 46.3 5.476 83.2 
1000.000 19.559 63.5 35.530 —78.0 0.701 51.3 6.128 88.3 

$2, Y2 S2—MAGN AND ANGLES : 

CONDITION FREQ 11 21 12 22 
Vps=10V 200.000 0.976 —18.4 1.801 152.6 0.002 61.2 0.988 —7.8 
[v g=4V 300.000 0.944 —28.2 1.767 137.4 0.003 86.9 0.979 —11.6 
Ips = 5 mA 400.000 0920 -368 1,728 1252 0.002 140.0 0.970 ~15.7 
500.000 0.879 —45.5 1.642 113.0 0.004 —159.0 0.947 —18.7 
600.000 0.854 —54.5 1.629 100.5 0.008 —171.6 0.952 BL 
700.000 0.808 —63.1 1.582 89.3 0.015 —173.5 0.959 —25.1 
800,000 0.776 —F12 1.551 77.4 0.022 —175.4 0.951 —28.1 
900.000 0.734 —79.4 1.577 63.9 0.030 —178.6 0.974 —32.4 
1000.000 0.695 —86.9 1.673 50.0 0.040 —179,7 1.013 373 

Y2—MAGN AND ANGLES: 

FREO 11 21 12 22 
200.000 3.232 85.7 18.589 —14.5 0.019 —105.8 1.355 85.1 
300.000 5.022 83.0 19.017 —23.3 0.028 -—738 2.015 84.0 
400.000 6.692 81.9 19.439 —29.6 0.021 —148 2.754 83.1 
500.000 8.490 79.4 19.747 —36.8 0.050 51.2 3.340 79.6 
600.000 10.398 78.4 20.652 —44,2 0.104 43.7 3.807 81.1 
700.000 12.425 75.5 21.548 —50.9 0.210 46.2 4.407 82.2 
800,000 14.458 73.5 22.769 —59.1 0.326 48.1 4.877 81.2 
900,000 16.612 70.5 24.930 —68.6 0.468 48.8 5.534 84.5 
1000,.000 18.672 67.0 28.318 —79,2 0.684 51.2 6.221 88.5 
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900 MHz G,, & NF TEST CIRCUIT 





TPUT 
ae 
PLT 
= 50 2 40 pF 
WREC 
By Pa 
O-~20 pF Kc 
Vos =10 V 


Vps=10V, Vaas=4V, Ip=10mA 


120° 





35X5X%0.2 mm 


ait ap 0.04 ane 0.02 ae RAE I 
| a 


—37 


O:S21 X-:S12 


0:81] x:$22 


3SK87A 


, 


\ 


a 


—60° 





ae 


25 


—30° 
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DESCRIPTION The 3SK88 is designed for use in RF Amplifier for 
UHF TV Tuner. 
FEATURES ® Low C,., : 0.02 pF TYP. 
. @ High Gp, : 16 dB TYP, 
~  e@ Low NF : 3.8 dB-TYP. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature 


. -@¢ © © 8 © £ ee em mh mm lm Ue 


Channel Temperature 


= 2 we 8 & 8B 8 8 © wo wo we Bw Bw BH Bw 


Maximum Power Dissipation (Ta=25 ~ C) 


Total Power Dissipation .........00 00008 e ae 200 mW 
Maximum Voltages and Current (Ta=25 °C) 

Drain to Source Voltage Vpsx ....-.--425. 20 V 

Gatel to Source Voltage Vois ....... ee eee ai. ¥ 

Gate2 to Source Voltage Voo9s ............ +10 -V 

Drain Current ip tieerivtauweesd 25 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 






| SYMBOL CHARACTERISTIC 


| Ipss Zero-Gate Voltage Drain Current 
IY Fs | 
Ciss 


Forward Transfer Admittance 

Input Capacitance 

| Coss Output Capacitance 

| Cres Reverse Transfer Capacitance 

Gut 

| NF* 

| VG1S(off) 

VG2S(off) 

| IGiss 
IG2ss 

BVDSx 

* See Test Circuit 


Power Gain 

Noise Figure 

Gatel to Source Cutoff Voltage 
Gate? to Source Cutoff Voltage 
Gatel Reverse Current 

Gate? Reverse Current 


Drain to Source Breakdown Voltage 


Classification of Ipgs 





IDSS Test Conditions: Vps=10 V, Vgas=4.0 V, Vgig=0 
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PACKAGE DIMENSIONS 


in millimeters (inches} 


(0.158 MIN.) 













TEST CONDITIONS 
Vpos=10 V, Veag=4.0 V, Ve ig=0 


Vps=10 V, Vga =4.0 V, Ilp=10 mA, f=1.0 kHz 


: ee ol 
4.0 MIN, -> 10,0 MIN, 
(0.158 MIN.) hee (0.394 MIN.) 
2 
3I\} ;o2 
"| JIcs 
S 0.65 {0.026} 
2 MARKING = 
~ o de 
2 - a8 
ae oO 
S=| + — 
a —— 
1 io a | 
| 3 
— Sy ae 
5 t4.0MAX, 
—~ (0.157 MAX} 
ie 
& 


1. GATE 2 
2. GATE 1 
3. SOURCE 
4. DRAIN 


Vos=10 V, Veog=4.0 V, Ip =10 mA, f=1.0 MHz 
Vps=10 V, Vgas=4.0 V, I[p=10 mA, f=1.0 MHz 
Vps=10 V, Vag2g=4.0 V, I p=10 mA, f=1.0 MHz 


Vos=10 V, Veos=4.0 V, Ilp=10 mA, f=900 MHz | 


Vps=10 V, Vg625=4.0 V, Ip=10 mA, f=900 MHz 


Vps=10 V, Vgas=4.0 V, Ip=10 uA 
Vos=10 V, Vei6=4.0 V, Ip=10uA 
Vos=9, Vgisg=210 V, VG2s70 
Vos=9, Vagasg=t10 V, Ve1g=0 
VGis=VG2s7-2.0 V, Ip=10 vA 





N-CHANNEL SILICON DUAL-GATE MOS FIELD EFFECT TRANSISTOR 


3SK88 











NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C} 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Py —Total Power Dissipation - mW 





25 50 75 100 125 


c> 


Ta—Ambient Temperature ~ C 


FORWARD TRANSFER ADMITTANCE vs. 
GATE1 TO SOURCE VOLTAGE 


Vos = 10 V 
f=1.0 kHz 





-—Forward Transfer Admittance —mS 





Yeo 


+ 1.0 


¥o15—Gatel to Source Voltage —V 


OUTPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 


= feo) es T , © = a 
Ip=10 mA at Voas=4 V 


& be 


an 


Coss— Output Capacitance — pF 





“10 0 i, —.96 30 40 
¥G25 —Gate2 to Source Voltage --V 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 


lp —Drain Current—mA 





¥ps ~Drain to Source Voltage —V 


FORWARD TRANSFER ADMITTANCE vs, 


DRAIN CURRENT 


~ Forward Transfer Admittance —mS 


Yfs 





mz) 


10 eo 


lo —Drain Current — mA 


FYPICAL “Y" PARAMETERS 
INPUT ADMITTANCE vs. 
FREQUENCY 


Vig = 10 V . —+ 
Y¥a2s =4 Vo eee eS eee ee 


Ipn=10 mA — ; cs eee AR Geel Kanal Gl 


ms 


gig — Input Conductance — mS 
big —Input Susceptance 





800 1000 


400 600 


f—Frequency— MHz 
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DRAIN CURRENT vs. 
GATE1 TO SOURCE VOLTAGE 


— mA 


Ip — Drain Current: 





¥@1s ~Gatel to Source Voltage -V 


INPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 








Yos=10 ¥V | 





Ip=10 mA at Vqog=4_V 


Ip=5 mA at Vaosg=4 ¥ 


— ft eS —— —+-—__-] 






a 


Cisg - Input Capacitance — pF 


40 


VG2s —Gate2 to Source Voltage -V 


FORWARD TRANSFER ADMITTANCE vs. 
FREQUENCY 


———— 





“mS 


Veas=4 VE 
In=10 mA : 
a | 


Sfg¢-- Forward Transfer Conductance: 
bfc —Forward Transfer Susceptance --mS 


A400 600 300.000 


f — Frequency —MH2 
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REVERSE TRANSFER ADMITTANCE vs. 
FREQUENCY 


oF wo 
EE Ee 
1 4 i 
a gq: Gm 
wo 3 
ss 88 
35 So 
aon ow 
55 23 = 
eet] — i 
S 8 66 
aa i. 
BS 28 
¢ 4 , eee 
a arte) Sol 
oe x ——+- 
e a 400 
Bt 
f—Frequency —MHz 
POWER GAIN AND NOISE FIGURE vs. 
GATE2 TO SOURCE VOLTAGE 
20 
10 
5 |8 
| i 
hal ‘= 
& 8S 0 
Li _—s 
a 
2 |. | 
= 4; %-10 
| ); Wi 
re cL 
= aa 
— 70 =— | | 
| | f | Yos=10 V | 
— SS 2 oe 
— | | f= 900 MHz 
0 2 4 6 8 10 
VG2s —Gate2 to Source Voltage —\ 
900 MHz Gps AND NF TEST CIRCUIT 
Veasl4 V) 
1 000 pF 
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INPUT 
my ee 


OUTPUT ADMITTANCE vs, 
FREQUENCY 


— 


Tt | 
| | |Bos| | 


— 


ee es L 





| “T | 
<a aS ieee eer tae = 
| | | 


He 


bk - + 


== = 


ae 


iene x +—+—+ 


600 800 


f —Frequency —MHz 





1000 


OUTPUT 
50 Q 





NEC ELECTRON DEVICE 





Ly}. Lo: 35mm X 5.0mm X 0.2mm 
copper 







MOS FIELD EFFECT TRANSISTOR 


3SK88A 


NEC 


ELECTRON DEVICE 








FEATURES _ @ Suitable f RF amplifier in UHF TV tuner. i 
Suitable for use as ater an al PACKAGE DIMENSIONS (Unit : mm) 


® Low C,,, : 0.02 pF TYP. 
® High Gp, ; 17.0 dB TYP. 
@ Low NF : 3.2dBTYP. 








ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 
| Vpsx Drain to Source Voltage 20 V ___MARKING 

Vois Gate1 to Source Voltage  +8(+10)* V 

Vagos Gate2 to Source Voltage  +8(+10)*" V 





Ip Drain Current 25 mA 

a Total Power Dissipation 200 mW ee 2 Gast 

Tak Channel Temperature 128 - °C 9 slag 

Tstg Storage Temperature —55to+125 °C Se, 
*R_ 210 k2 


ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 





SYMBOL CHARACTERISTIC 
| Drain to Source Breakdown 


BV | V =V =—2V,Ip=10uA 
DSX Voltage G18 G25 D M 


TEST CONDITIONS 


— 


Ipss Drain Current 0 Vos = 10 V, Voas =4 V. Vais = 
VGiSloff)  Gatel to Source Cutoff Voltage : Vps = 10 V, Vg2sg =4V, Ip =10uA 
VG2Sloff) Gate2 to Source Cutoff Voltage Vos =10V, VGis =4V,Ip=10uA 
IGiss Gatel Reverse Current + Vps = 0, VGis = £10 V, Veas =0 
lG2ss Gate2 Reverse Current Vos = 0, VG2s = #10 V, VGig =0 


Vps=5V, Veas = 4V, Ip =10mA 


IV sl Forward Transfer Admittance 
f=1kHz 


Ciss Input Capacitance 
Vps = 10 V, Vegas =4V,Ip=10mA 


tput itanc 
Coss Output Capacitance f=1MHe 


Reverse Transfer Capacitance 


Power Gain ; : Vps = 10V, Vegas =4VIp=10mA 
Noise Figure : i ,  =900 MHz 


UNIT: mA 





**See Test Circuit 
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TYPICAL CHARACTERISTICS (Ta = 25 °C} 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Pt —Total Power Dissipation— mW 


Ta Ambient Temperature— °C 


FORWARD TRANSFER ADMITTANCE 


vs. GATE1 TO SOURCE VOLTAGE 


—Forward Transfer Admittance— mS 


ts! 


V¥G15—Gate 1 to Source Voltage—V 


OUTPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 


aot — b= 5 mA at Ve2s~ av. 


| 


—_—__}—__+-—-++ | | + i 


Coss— Output Capacitance — pF 


SS ee ee a 
0 or | | 
4" Co le 2006 ae 





VG2s—Gate 2 to Source Voltage—V 


T28 








Ip— Drain Current— mA 


-Forward Transfer Admittance— mS 


Yfs. 


NF —Noise Figure— dB 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 


Veas=4V) tt 
] TT st es -- 
apt} 
PP 

| rf 

3 gam fics alee ee 

— | (Oe ee aa: (ee | 
gut —0.1V 

—T- i - To 
1}-FF, 47 —}-~}-0.3 V 
rs. i ~0.4 V 
0 10 20 


Vps-— Drain to Source Voltage—V 


FORWARD TRANSFER ADMITTANCE 
vs. DRAIN CURRENT 





Ip — Drain Current-- mA 


POWER GAIN AND NOISE 
FIGURE vs. GATE2 TO 
SOURCE VOLTAGE 


— dB 
hh 
2 





as iestes = 


Lee 10 mA | 
e(at Vps=10 V, 
Va2s=4V) | 
--Ips=10 mA 
at Vos=5 V, 


ok PPP va2s=3 V) 


40 866.0 8.0 













z m7 
| Gps -Power Gain 


— 
1 





VG2s—Gate 2 to Source Voltage—V 


[p— Drain Current— mA 


Ciss —Input Capacitance — pF 


NE Cc ELECTRON DEVICE 


DRAIN CURRENT vs 
GATE’ TO SOURCE “VOLTAGE 





0 : 
= 10 — F1.0 


V¥Gis—Gate 1 to Source Voltage—V 


INPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 





Vq25—Gate 2 to Source Voltage—V 


NEC ELECTRON DEVICE 


S-PARAMETER, Y-PARAMETER 


51, ¥1 


CONDITION 
Vps =10V 
V : 


S2, ¥2 


G2s =4V 
lps = 10mA 


CONDITION 


(Vos =10V 
| VGas =4V 
Ips =5 mA 


200.000 
300.000 
400.000 
500.000 
600.000 
700.000 
600.000 
900.000 
1000.000 


200.000 
300.000 
400.000 
500.000 
600.000 
700,000 
800.000 
900,000 
1000.000 


200.000 
300.000 
400.000 
500.000 
600.000 
700,000 
800.000 
900.000 
1000.000 


200.000 
300,000 
400.000 
500,000 
600.000 
700.000 
800.000 
900.000 
1000.000 


S1—MAGN AND ANGLES : 
FREQ 


0.979 
0.957 
0.944 
0.914 
0.896 
0.859 
0.830 
0.789 
0.749 


Y1—MAGN AND ANGLES. 
FREQ 


2.517 
3.877 
5.123 
6.439) 
7.866 
9.368 
10.825 
12.463 
14.146 


S2—MAGN AND ANGLES : 
FREQ 


0.982 
0.959 
0.947 
0.915 
0.897 
0.858 
0.829 
0.786. 
0.746 


Y2—MAGN AND ANGLES : 
FREQ 


2.483 
3.821 
5.066 
6.398 
7.803 
9.296. 
10.811 
12.424 
14.240 


11 


11 


11 


11 


—14.4 
—22.0 
—28.7 
—35.5 
—42.6 
—49.6 
—56.1 
—63.0 
—69.8 


85.0 
83.4 
83.1 
81.0 
80.5 
78.2 
76.6 
74.1 
71.4 


—14.2 
—21.6 
—28.3 
—35.2 
—42.4 
—49.3 
—56.1 

—63.0 
—70.3 


85.7 
83.6 
83.3 
81.0 
80.5 
78.0 
76.6 
739 
71.2 


1.616 
1.602 
1.603 
1.536 
1.539 
1.510 
1.487 
1.481 
1.516 


16.573 
16.936 
17.403 
17.463 
18.104 
18.691 
19.451 
20.560 
22.336 


1.349 
1.342 
1.337 
1.289 
1.285 
1.264 
1.237 
1.235 
1.260 


13.784 
14.095 
14.434 
14.562 


_ 14,991 


15.543 
16.102 
17.059 
18,536 


21 


21 


159.1 
147.3 
138.1 
128.9 
119.0 
110.3 
100.7 

90.5 

81.5 


—108 
—17.4 
—218 
—27.0 
—32.7 
—37.2 
—43.6 


* —60.3 


21 


21 


—56.1 


158.4 
146.1 
136.2 
126.4 
116.3 
107.0 
96.9 
86.2 
76.7 


—11.7 
—19.0 
—24.0 
—29.6 
—35.7 
—40.8 
—47.5 
—54.7 
—60.8 


0.002 


0.003 


0.002 
0.002 
0.004 
0.006 
0.010 
0.015 
0.020 


0.022 
0.032 
0.027 
0.020 
0.044 
0.078 
0.133 
0.203 
0.299 


0.002 
0.002 
0.001 
0.002 
0.003 
0.007 
0.012 
0.016 
0.024 


0.017 
0.023 
0.015 
0.026 
0,036 
0.086 
0.160 
0.223 
0.346 


12 


12 


12 


12 


745 
80.9 
102.8 
1428 
168.2 
—173.8 
—1749 
—176.7 
—175.2 


—95.4 
—83.9 
—57.2 
—13.0 
16.5 
38.7 
40.7 
42.6 
47.2 


92.2 

72.4 
132.9 
164.6 
177.6 
172.7 
—168.8 
—177.6 
—176.7 


—17.6 
—92.6 
—27.3 
8.6 
25,7 
39.5 
46.8 
41.4 
45.7 


3SK88A 


0.990 
0.977 
0.971 
0.946 
0.949 
0.949 
0.934 
0.940 
0.956 


1.059 
1.609 
2.208 
2.682 
3.027 
3.582 
3.908 
4.444 
4,921 


0.993 
0.984 
0.976 
0.954 
0.957 
0.957 
0.944 
0.949 
0.964 


1.030 
1.557 
2.151 
2.628 
2.980 
3.521 
3.873 
4.338 
4.845 


22 


22 


22 


22 





—§.1 

—9.2 
—12.6 
—15.0 
—17,0 
—20.2 
—219 
—25.2 
—28.2 


84.5 
81.6 
82.1 
77 
79.2 
30,4 
73.1 
79.9 
82.1 


—6.0 

—8.9 
—12.3 
—148 
—16.8 
—19.9 
—21.8 
—247 
—279 


85.6 
84.0 
83.4 
79.3 
80.8 
81.7 
79.6 
81.4 
83.4 
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900 MHz G,, AND NF TEST CIRCUIT 


Ve2s(4 V) 


OUTPUT 
90 2 





~ Ly, Lo; 335x502 mm 


Ve1s Ypp(10 v) 


Vps=10 V, Vea2s=4 V, Ip=10 mA 


N: E Cc ELECTRON DEVICE 








O:$11 *:822 O:$21 X:S12 
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NEC / mos Fie.p EFFECT TRANSISTOR — 
ELECTRON DEVICE 32S K1 22 








DESCRIPTION The 3SK122 is designed for use in RF Amplifier and MIXER [ Se 
for VHF TV Tuner. PACKAGE DIMENSIONS 


in millimeters (inches) 


Suitable for Use as RF Amplifier & Mixer in VHF TV Tuner. 
High Gps: 25dB TYP. at Vps = 10 V, Vg2 = 5.0 V, 
Low NF > 12dBTYP.) Ip =10mA, f = 200 MHz 


FEATURES 










High Gps :°22 dB TYP. \ at Vps = 5V, VG2 = 3V, 
Low NF : 1.3dBTYP.) Ip =10mA, f= 200 MHz 


e* ee eee 


—— 
40MIN. 
(0.158 MIN.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............;. 


Maximum Power Dissipation (T3 = 25 © C) 
Total Power Dissipation................4- 
Maximum Voltages and Currents (T, = 25 °C) 


| 

| 

| 

| 

| 
Channel Temperature........ se. +125 °C Maximum | 
Vpsx Drain to Source Voltage ............. 
| 


VG1s Gate 1 to Source Voltage ............ +8V 
VG2s Gate 2 to Source Voltage ....7....... | | 
1. GATE 2 | 
ID rai CUVent <chcxniauwdas oaee es 25 mA | Aponte. | 
3. SOURCE | 
4. DRAIN | 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 




























SYMBOL CHARACTERISTIC TEST CONDITIONS 





VGis = -2 V, Veas=-2V, 


BVDsx Drain to Source Breakdown Voltage 20 V 
7 Ip = 10 uA 
V = 6.0V, VG mA), 
lpss Zero-Gate Voltage Drain Current 7.0 25 mA a be 
VG2s =3.0 V 
Vos = 8.0 V, VGas = O, 
VG1Sloff) Gate 1 to Source Cutoff Voltage —2.0 V DS 2s 
. Ip = 5.0 uA 
Vos = 8.0 V, Vais = 9, 
VG2Sloff} Gate 2 to Source Cutoff Voltage —1.5 V i G18 
Ip = 5.0 pA 
Vps =0,V = BV, 
lGiss Gate 1 Reverse Current £20 LA ° GIS 
VG2s =0 
| | Vos = 0, Vais = 0, 
IG2ss Gate 2 Reverse Current +20 LA as =e 
Ve7g= +8 é 
Vos = 6.0V, Ip = 10mA, 
lvfel Forward Transfer Admittance 22 28 ms 1 
Veos = 3.0 V,f= 1 kHz 
n ; : 5 F 
Ciss Input Capacitance 4.0 5.0 6 p Vos = 60°; Ip = 10ma, 
Cc acl a: 29 3.7 F | 
oss Output Capacitance 2 p Veos=3.0 V, f=1MHz 
Cres Reverse Transfer Capacitance . 0.05 0.08 pF 
Vps = 10 V, Ip = 10 mA, 
Gps Power Gain 20 25 dB 2 
f= 200 MHz, Veo = 5.0 V, 
NF Noise Figure 1.2 2. dB 


See Test Circuit 





Ipsg Classification M:7,0-—13mA L:11-—-19mA K:17—25mA 
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TYPICAL CHARACTERISTICS (Ta=25 °C) 


my 


Total Power Dissipation 


Pr 


Output Capacitance pF 


Coss 


32 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 








| 
reer n : be, ec r Go - 
Gi Jp PCB 
400 +—-—-4 . wees 128 


Gu 196885121 Sm 


-—— 
| 
SS 





ron 
Without Fin 





= oe 


190G— “ ‘ ra 





0 25 50 aS 100 125 


Tz Ambient Temperature C€ 


FORWARD TRANSFER ADMITTANCE vs. 
GATE 1 TO SOURCE VOLTAGE 





ae 





mS 


¥os 6.0 ye a 





Ve2s 5 V] 


| 
woe th a  C- 


aoe 7 
ey 


Forward Transfer Admittance 


i 
Pity 


‘4 


> 


a _—_—)—_ é | + | _—+ - “a 
, Qa’ {| | TSA 
= Ov 

1.0 oe 7 


8) 


Vois Gatel to Source Voltage V 


OUTPUT CAPACITANCE ws. 
GATE 2 TO SOURCE VOLTAGE 





4.0 


Vgps° GateZ to Source Voltage  V 


mA 


Ip ~ Brain Current 


mS 


Forward Transfer Admittance 


Ys 


Input Susceptance- mS 


bjs- 


ORAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 





0 a 10 ar: 
Vps~ Drain to Source Voltage Voltage —V 


FORWARD TRANSFER ADMITTANCE vs, 
DRAIN CURRENT 





a 


20 


iO 









Vos 6 
5 I Vg2 3¥ 
| f 10 kHz 
O iv 20 
Ip Drain Current mA 
INPUT ADMITTANCE (viel 
vs. FREQUENCY 
10 - - 
|} VWosg-6 ¥ | 
Yo2g-3¥ +—— + 
| ip=10 mA | 
eo —— 
| | | cael |e | 
PT ere 
| 
F >? 
1200 MHz | us rp | | 
5 += $—— + Se a ta 
a. + 2 oe 2 + 2 | 
| | i | 
feet TO 
100 MHz: | | | 





Q / 4 i % 
Zig Input Conductance—mS 


mA 


ly Drain Current 


input Capacitance - pF 


ISS 


Forward Transfer Susceptance mS 


fs 








NEC ELECTRON DEVICE 





DRAIN CURRENT ve. 
GATE 1 TO SOURCE VOLTAGE 





Vagig5 Gate 1 to Source Voltage V 


INPUT CAPACITANCE ves. 
GATE 2 TO SOURCE VOLTAGE 









a 20 3.0 4.0 
+ 


L. 
Vg2s5 Gate2 to Source Voltage V 


FORWARD TRANSFER ADMITTANCE (y¢g} 
vs. FREQUENCY 


8, Forward Transfer Conductance mS 


10 160 MHz 


6 
| Vos OV 
| Ve2s 3 










NEC ELECTRON DEVICE 


ma 


Reverse Transfer Susceptance 


Drs 


NF — Noise Figure dB 








REVERSE TRANSFER ADMITTANCE (V¥r¢} 
vs. FREQUENCY 


Sre “Reverse Transfer Conductance mS 





Output Susceptance mS 


Has 


NOISE FIGURE vs 
DRAIN CURRENT 


200 MHz 
Vog° lov 
Ve2s=5 ¥ 
® Vos-5 V 
Yara ca Vv 


Gps Power Gain —dB 


Ip Drain Current —mA 


200 MHz Power Gain & Noise Figure Test Circuit 


VG2s 











OUTPUT ADMITTANCE (yg) 
vs. FREQUENCY 






a 
T = 
200 ‘ile Fe c 
i i—_ 5 
a 
Z 
a 10 
wo 
oo 
aa) 
5 
OS } . 


Egos Ouiput Conductance mS 


NOISE FIGURE, POWER GAIN ws. 
GATE 2 TO SOURCE VOLTAGE 


‘Noise Figure-dB 


NF - 


o't 2 3 #@&@ & & 7 8B 
Ve275 Gate? to Source Voltage— 


TEST CONDITION 
Vosg= 10 V. Veog =5 V, Ip=10 mA 
f=200 MHz 
Ly}°¢0.6 mm UEW 7 mm 37 
Lo°¢0.6 mm U.E.W. 7 mm 37 
OUTPUT L3° RFC 22uH 


50 2 





POWER GAIN vs. 


1 
} 


” 


Ip 


oS Eee Ea ee 








1¢ 


-—+—_—_ + — ~ 


Drain Current 


3SK122 


200 MHz 
Yos 
Voes 
+—+-—4@ Vos 5¥ - 
Vg2s 3V) 


mA 


DRAIN CURRENT 









10 v4 
5 










—E 








§ 10 
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FEATURES 


NEC 


ELECTRON DEVICE 





® Suitable for use as RF amplifier in UHF TV tuner. 
® Low C,,, : 0.02 pF TYP. 

® High G,, : 18.0 dB TYP. 

® Low NF : 2.8 dB TYP. 


ABSOLUTE MAXIMUM RATINGS (T,=25 °C) 


Vosx Drain to Source Voltage 18 V 
Vois Gate1 to Source Voltage +8 (£10)*"  V 
Ves Gate2 to Source Voltage  +8(+10)" V 
Ip Drain Current 25 mA 
P+ Total Power Dissipation 200 mW 
Teh Channel Temperature 125 af 


Tstg Storage Temperature —55to+125 °C 


*RL 210 ka 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL 


BVpsx 


IpDss 
VG1S(off) 
VG2S (off) 
| IGiss. 
IG2ss 


~ CHARACTERISTIC MIN. 


—— = ee oe 


Drain to Source Breakdown 
Voltage 


20 


Drain Current 

Gatel to Source Cutoff Voltage 
Gate2 to Source Cutoff Voltage 
Gatel Reverse Current 


Gate? Reverse Current 
Forward Transfer Admittance 


Input Capacitance 
Output Capacitance 
Reverse Transfer Capacitance 


Power Gain 


Noise Figure 





Ipsg Classification 





Marking 
Ipss 0.01 to 2 


**See Test Circuit 
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UNIT: mA 


MOS FIELD EFFECT TRANSISTOR 


3SK123A 


PACKAGE DIMENSIONS (Unit : mm) 


2. Gatel 
3. Source 
4. Drain 





TEST CONDITIONS 
VGo1s " Vo2s = -2V. ip = 10 uA 


Vps = 10 V, Vg2s =4 V.VG1is =9 
Vps = 10 V,VG2s=4V,Ip=10uA 
Vpos=10V,VGis=4V,.Ip=10uA 
Vps = 9, Va1s = #8 V, VG2s = 9 
Vos = 9, Ve2s = #8 V, VGis = 9 
Vpos=5V, VG9s5 =4V. Ip =10mA 
f= 1 kHz 


Vps = 10 V, Vegas =4V,Ip=10mA 
f= 1 MHz 


Vps = 10 V, Vegas =4 V, Ip = 10 mA 
f = 900 MHz 









NEC ELECTRON DEVICE . 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


P7-—Tota!l Power Dissipation ~ mW 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





0 20 50 75 100 125 


Ta—Ambient Temperature— °C 


FORWARD TRANSFER ADMITTANCE vs. 


-Forward Transfer Admittance — mS 


l¥fs| - 


NF —Noise Figure--dB 


GATE1 TO SOURCE VOLTAGE 





VG1s~—Gate 1 to Source Voltage—V 


POWER GAIN AND NOISE FIGURE vs. 


GATE2 TO SOURCE VOLTAGE 













eet aunees 
iiss! aeuseee 
ise ese 
LT TET FP prtvees=< 


f= | 
Pee | ae 
COUT Weas 





4.0 6.0 8.0 


Vq25—Gate 2 to Source Voltage--V 


Ip~ Drain Current— mA 


Ciss — Input Capacitance — pF 


DRAIN CURRENT vs. 
DRAIN TO SOURCE VOLTAGE 





Vps— Drain to Source Voltage— 


INPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 





0 1.0 2.0 3.0 4.0 


Vq25—Gate 2 to Source Voltage—V 


Ip - Drain Current— mA 


Coss Output Capacitance — pF 


3SK123A 


DRAIN CURRENT vs. 
GATE1 TO SOURCE VOLTAGE 





VGis~ Gate 1 to Source Voltage—V 


OUTPUT CAPACITANCE vs. 
GATE2 TO SOURCE VOLTAGE 





ohm a Se a 


VG2s—Gate 2 to Source Voltage—V 
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3SK123A NEC tiectron vevice 





S-PARAMETER, Y-PARAMETER 


$1, Y1 $1—MAGN AND ANGLES: 
CONDITION FREQ 11 21 12 22 
Vps =10V 200.000 0.986 —12.5 1.868 161.7 0.002 92.4 0.975 —6.9 
| Veas =a 300.000 0.966 —18.9 1.860 151.3 0.004 - 62.3 0.971 —10.3 
Ips = 10 mA 400,000 0960 -—249 1863 1434 0,003 89.1 0964 144 
500.000 0.933 —30.6 1.801 135.2 0.001 103.1 0.942 —i7,3 
600.000 0.921 379 1.794 126.3 0.003 148.1 0.943 —199 
700.000 0.896 —428 1.766 118.8 0,005 ~—170.4 0.946 —235 
800.000: 0.870 —49.0 1.739 110.3: 0,009 —165.0 0.930 —26.3 
900.000: 0.843 —54.7 1.724 101.8 0.014 —170.9 0.924 30:1 
1000.000 0.811 —61.1 1.748 95.4 0.020 —170.8 0.934 —33.5 
Y1—MAGN AND ANGLES : & 
FREQ 11 21 12 22 
200.000: 2.173 86.2 19.194 —8.8 0.024 —78.0 1.212 78.0: 
300.000 3.306 84.2 19.492 —14.5 0.043 —103.5 1.793 81.2 
400.000 4.404 84.4 19.945 ery 0.028 —71.7 2.531 81.6 
500.000 5.496 82.2 20.116 iF 0.013 —53.9 3.093 78.5 
600.000 6.769 82.0 20.593 96.3 0.029 —45 3.552 79.8 
700.000 7.925 80.3 21.067 —295 0.062 41.2 4.260 81.3 
800.000 9.224 78.7 21.826 —34.4 0.110 50.2 4.746 79.3 
900.000 10.472 77.0 22.764 —39.3 0.184 48.1 5.416 79.2 
1000.000 12.012 748 24.431 —41.9 0.284 51.9 6.031 80.3 
$2, Y2 S2—M.AGN AND ANGLES : 
CONDITION FREQ 11 21 12 23 
Vps =10V 200.000 0.986 —125 1.582 161.7 0.002 78.7 0.986 —6.6 
‘Yeas ay 300.000 0.968 —19.0 1.577 151.0 0.003 76.7 0.979 —10.0 
Ips “5 mA 400.000 0.960 —25.0 1.584 142.7 0.002 102.7 0.977 -13.8 
500.000 0.934 —30.9 1.532 134.3 0.001 129.9 0.952 ~16.9 
600.000 0.925 ~375 1.533 125.4 0.003 —164.5 0.956 —19.7 
700.000 0.897 —43.7 1.510 117.5 0.005 —167.1 0.957 95.4 
800.000 0.874 —49.6 1.481 108.9 0.010 —159.9 0.940 —25.7 
900.000 0.843 —56.0 1.470 100.2 0.014 —165.3 0.938 —29,2 
1000.000 0.808 —62.5 1.489 93.5 0.022 —168.9 0.944 —32.6 
Y2—MAGN AND ANGLES : 
FREQ 11 21 12 22 
200.000 2.188 86.4 16.177 —8.9 0.021 —918 1.152 83.3 
300.000 3.344 84.4 16.482 —148 0.034 —89.1 1.740 83.0 
400.000 4.443 84.4 16.889 =25 0.022 —58.2 2.410 84.3 
500.000 5.567 82.2 17.019 2.5 0.013 —26.9 3.004 80.3 
600.000 6.841 82.4 17.456 —27.0 0.031 43.0 3.507 82.0 
700.000 8.100 80.6 17.927 =—80:7 0.060 448 4.109 82.9 
800.000 9.369 79.2 18.482 —35.7 0.119 55.4 4.608 80.6 
900.000 10.792 77.4 19.349 -405 0.189 54.0 5.238 80.9 
1000.000 12.372 75.1 20.835 43.4 0.303 54.1 5.845 81.6 
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900 MHz Gps AND NF TEST CIRCUIT 
Ve2sl4 V) 


1 000 pF 


OUTPUT 
50 0 





Ly, La; 35x5xXO2 mm 


Vps = 10V, Vgas=4V, Ip=10mA PN 
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FEATURES Suitable for use as RF amplifier in UHF TV tuner. 


‘ 
@ LowCys5: 0.03 pF TYP. 
* 
. 


PACKAGE DIMENSIONS (Unit : mm) 


LowNF : 13dBTYP. 


i 


ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 


V psx Drain to Source Voltage 10 V 
Vcois _Gate1 to Source Voltage —4.5 V 
Veos Gate2 to Source Voltage —4.5 V 
Ip Drain Current 80 mA 
Pr Total Power Dissipation 200 mW 
Bint) Channel Temperature 125 ba 
Tstg Storage Temperature —55to+125 °C 


= 
¢ 4.0 MAX. 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL 
BVosx 


Ipss 
VG1S(off) 
VG2S (off) 
IGiss 
IG2ss 


l¥ fs! 
Ciss 
Cres 


Gps 


NF 
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CHARACTERISTIC 
Drain to Source Breakdown 
Voltage 
Drain Current 
Gatel to Source Cutoff Voltage 
Gate2 to Source Cutoff Voltage 
Gate1 Reverse Current 


Gate? Reverse Current 
Forward Transfer Admittance 


Input Capacitance: 
Reverse Transfer Capacitance 
Power Gain 


Noise Figure 


ion UNIT: mA 


20 to 35 


L 


ee 


30 to 50 





MIN. ‘TYP. TEST CONDITIONS 


VGois =—3 V, Ve2s =O V. Ip = 10uA 


Vos =5 V, Vegas = OV, Ve1s=90 
Vos=5V,VG2ag =0V,Ip= 100 uA 
Vos =5 V,VGis=9 V.!p = 100 uA 
Vos = 0, VGis = —4 V, VG2s = 0 
Vos = 9, VG2s = -4 V, VGis = 0 
Vos =5V, Vegas =0V,Ip=10mA 
f = 1 kHz 
Vps=5V, V62s =O V,Ip=10 mA 
f= 1 MHz 

Vos =5V, VG62gs =9V, Ip = 10mA 
f = 900 MHz 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


PT —Total Power Dissipation— mW 


--Forward Transfer Admittance— mS 


‘Yfs 


NF —Noise Figure— dB 





TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





Ta— Ambient Temperature — °C 


TO SOURCE VOLTAGE 


t/ a 
BMD /@ SEAN 
Up 





VGl 


Gps — Power Gain—dB 


FORWARD TRANSFER 
ADMITTANCE vs. GATE1 


CESS 
aie 


—Forward Transfer Admittance— mS 


i¥fs 


s—Gate 1 to Source Voltage—V 


POWER GAIN AND NOISE 


: FIGURE vs. DRAIN CURRENT 


Ip — Drain Current— mA 


Ip— Drain Current — mA 





DRAIN CURRENT vs. 
Be DRAIN TO SOURCE VOLTAGE 


Vps— Drain to Source Voltage—V 


FORWARD TRANSFER 
ADMITTANCE vs. 
DRAIN CURRENT 
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Ip — Drain Current— mA 





NF --Noise Figure— dB 





Ip — Drain Current- mA 


Gps — Power Gain—dB 





3SK124 


DRAIN CURRENT vs. 
GATE1 TO SOURCE VOLTAGE 
Or 





V¥G1s~Gate 1 to Source Voltage—V 


POWER GAIN AND NOISE 
FIGURE vs. GATE2 TO 
SOURCE VOLTAGE 


Ipg=10 mA, f=900 MHz 


(at Vps=5 V, Vaas5=9 V) 


VG2s— Gate 2 to Source Voltage—V 
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S-PARAMETER 


CONDITION FREQ S11 $21 $12 $22 
MHz MAG ANG MAG — ANG MAG — ANG MAG ANG 
Vpg =5V 100.000 0.988 6.2 3.200 171.4 0.013 108.1 0.987 -2.6 
VG2s= iV 200.000 0.978 —11.7 3.073 160.6 0.012 18.6 0.954 —4,3 
Pee 300.000 0.937 —172 2994 152.9 0.001 9.9 0.954 65 
: 400.000 0914 -23.3 2906 147.0 0.007 98.2 0.945 ~9.0 
500,000 - 0.888 § -27.6 3.066 137.4 0.009 92.2 0.949 —11.3 
600.000 0.864 -328 2844 1276 0.006 75.1 0.945 -135 
700.000 0837 -37.3 2.789 120.0 0.008 ~* 102.4 0.931 —15.9 
800.000 0805 42.7 2.697 1145 0.010 1008 0.927 —185 
~ 900.000 0.762 —47.2 2.777 103.3 0.011 134.3 0.928  —208 
1000.000 0.733 528 2.597 96.3 0.009 132.2 0.924 22.7 
1100.000 0.689 —567 2.549 88.6 0.010 1409 0.920 -25.6 
1200.000 0.651 -608 2.509 81.3 0.018 1383 0.917 28.9 
1300.000 0.620 —64.9 2.411 71.4 0.019 150.0 0913 -318 
1400.000 0.590 -68.6 2.274 64.2 0.023 152.4 0.901 35.2 
1500.000 0.570 -728 2.241 56.3 0.033 154.4 0890 -388 


Vos=5V, Veas=1V, Ip=10mA 
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900 MHz G,, AND NF TEST CIRCUIT 


Ve2s(4 V) 


1 000 pF 


||-— 


INPUT 
50 Q 


OUTPUT 
50 Q 





1 000 pF abies 
Hom IES? 


ce oe ee 
Va1s Vpp(10 Vv) /_ 


Ly, Lo 35x5x0.2 mm 
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—— a = 2 


FEATURES. ® Suitable for use as RF amplifier in UHF TV tuner. oe oe 
PACKAGE DIMENSIONS (Unit : mm) 


(RF Amp. for half wave length resonator : A/2) 
® LowC,.,: 0.02 pF TYP. 
® HighGp,: 22.5 dB TYP. 
® LowNF : 2.5dB TYP. 





= 
_ 


7 


ABSOLUTE MAXIMUM RATINGS. (Ta = 25 °C) 


V psx Drain’to. Source Voltage 18 V 
Vois Gatel to Source Voltage +8 (+10)* V 
VGa2s Gate2 to Source Voltage +8 (+10)* V 





Ip Drain Current 25 mA 
Pr Total Power Dissipation 200 mW 
Toh Channel Temperature 125 "c + 3 
Tstg Storage Temperature -§5to+125 °C ma 
*RL= | 4.0 MAX. 1. Gate? 
RL =10k2 | 2. Gatet 
7 3. Source 
| 4. Drain 





ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST: CONDITIONS 
Drain to Source Breakdown 
BVpsx ac ieeieiiins 18 22 V Vois = Vas = -2 V, Ip = 10 nA 
oltage 
Ipsx Drain Current 0.5 8 mA Vps=5 V, Veas =4 V, VGis = 0.5 V 
VG1Sloff) Gate1 to Source Cutoff Voltage —2.0 Vv Vps710V,V69s =4V,Ip=10uA 
VG2Sloff) Gate2 to Source Cutoff Voltage —0.7 V Vps= 10V,VGis=4V,Ip=10uA 
lGiss Gatel Reverse Current (+20 nA Vps = 9, VGis = #8 V, Vegas =9 
IG2ss Gate2 Reverse Current +20 nA Vos = 0, Vaas = +8 V, VGgis =9 
Vos=5V,V =4V,Ip=i10mA 
lY fs! Forward Transfer Admittance 24.0 27.5 mS | DS | G2s D 
f= 1.0 kHz 
Chee Input Capacitance 1.5 2.5 3.5 pF 
F Vps = 10 V, Vegas =4V,!Ip = 10mA 
Coss Output Capacitance 0.5 1.3 25 pF : 
| f= 1 MHz 
Crs Reverse Transfer Capacitance 0.02 0.03 pF | 
Gps** Power Gain 20.0 22.5 dB | Vpsg=10V, Vg2g=4V, Ip =10mA 
NF** Noise Figure 95 45 dB f = 900 MHz 


losx Classification 









Marking | L | K 


. lpsx z 0.5 to 5 Z 3to8B 


UNIT: mA **See Test Circuit 
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TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


PT —Total Power Dissipation mW 
lp Drain Current— mA 





Ta— Ambient Temperature —‘C 


FORWARD TRANSFER 
ADMITTANCE vs, GATE1 
TO SOURCE VOLTAGE 


—ms 


Forward Transfer Admittance 
-Forward Transfer Admittance mS 





wa uh 
> : = 

VG15—Gate 1 to Source Voltage—V 

OUTPUT CAPACITANCE vs. 

GATE2 TO SOURCE VOLTAGE 
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VG2s—Gate 2 to Source Voltage—V 











3SK161A 


DRAIN CURRENT vs 
DRAIN TO SOURCE VOLTAGE 


DRAIN CURRENT vs 
GATE1 TO SOURCE VOLTAGE 
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FORWARD TRANSFER 
ADMITTANCE vs INPUT CAPACITANCE vs. 
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Ip — Drain Current— mA 


VG2s—Gate 2 to Source Voltage—V 


POWER GAIN AND NOISE 
FIGURE vs. GATE2 TO 
SOURCE VOLTAGE 


CTT Tee] TT 

COAT 

Cas 
as 








Eee 10 mA 
leat Vps=10 V, 
Va@e5-4 V) 

--Ips=10 mA 
(at Vps=5 V, 


Gps ~~ Power Gain— dB 


VG2s— Gate 2 to Source Voltage—V 
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S-PARAMETER, Y-PARAMETER 


$1, Y1 S—MAGN AND ANGLES: 

CONDITION FREO 1 21 12 22 
Vps = 10V 200.000 0975 —-19.7 2.702 154.8 0.002 15 0.976 -99 
Vers =! 300.000 0.939 —29,7 2.650 140.8 0.003 79.7 0.968 —14.9 
Ips = 10 mA 400.000 0.917 ~38.5 2.614 129.4 0.002 125.3 0.955 ~20.3 
500.000 0.877 47.1 2.483 118.3 0.003 176.0 0.926 -248 
600.000 0.858  —55.9 2.462 106.9 0.008 —174.7 0925 —28.6 
700.000 0.817 63.9 2.377 96.9 0.015 —175.2 0.927 -33.7 
800.000 0.797 =715 2.313 86.4 0.023 —1745 0.918 —38.2 
900.000 0.767 —78.9 2.316 75.5 0.033 178.4 0.920 43.6 
1000.000 0.743 -86.3 2.415 65.6 0.046 176.8 0.955 48.9 

Y—MAGN AND ANGLES: 

FREQ 11 21 12 & 22 
200.000 3.454 85.9 28.204 —10.6 0.026 93.9 1.721 82.2 
300.000 5.285 82.7 28.923 —17.6 0.036 -—78.8 2.579 82.9 
400.000 7.022 81.9 30.061 ~22.3 0.018 —26.4 3.603 82.2 
500.000 8.823 79.4 30.743 —28.1 0.038 29.7 4.452 78.8 
600.000 10.726 78.6 32.286 —34.0 0.104 44.5 5.155 79.1 
700.000 12.673 75.7 33.758 38.9 0.211 48.9 6.075 79.7 
800.000 14.582 74,2 35.422 —45.0 0.346 54.1 6.881 78.5 
900.000 16.513 71.5 38.596 —519 0.554 51.0 7.772 78.2 
1000,000 18.619 68.4 43.298 -—578 0.826 53.5 8.531 80.2 

S2, Y2 S-MAGN AND ANGLES: 

CONDITION FREQ 11 21 12 22 
Vps = 10 V 200.000 0.974 -19.3 2.150 154.7 0.002 80.8 0.983 ~9.9 
| Va2s =4aV 300.000 0.948 —29.1 2.127 140.5 0.003 86.6 0.976 —15.0 
\ lps = 5 mA 400.000 0.925 ~37.9 2.100 128.6 0.002 97.4 0972 -20.2 
500.000 0890 —466 1.991 117.3 0.003 180.0 0943 -248 
600.000 0.869 55.3 1.979 105.8 0.008  —164.5 0.941 ~29.0 
700.000 0835 635 1.920 95.3 0.015 —173.5 0.945 34.2 
800.000 0.812 71.2 1.864 84.5 0.022 —174.3 0.934 38.7 
900.000 0.782 ~—79.0 1.864 73.7 0.032 —179.1 0.939 442 
1000.000 0.763 866 1.958 63.5 0.047 178.1 0.967 498 

Y—MAGN AND ANGLES: 

FREO 11 21 12 22 
200.000 3.394 85.4 22.312 —109 0.020 -—848 1.721 84.5 
300.000 5.180 83.7 23.013 —18.1 0.035  —72.0 2.600 84.8 
400.000 6.885 82.6 23.726 —23.4 0.019 —545 3.552 85.2 
500.000 8.698 80.5 24.205 —28.9 0.037 33.7 4.431 81.5 
600.000 10.581 79.6 25.547 348 0.098 54.9 5.212 81.6 
700.000 12.524 77.3 26.668  —39.9 0.208 51.4 6.143 82.2 
800.000 14.458 75.8 27.981 46.2 0.333 55.1 6.967 81.1 
900.000 16.573 73.3 30.497 —52.3 0.530 54.9 7.939 81.1 
1000.000 18.728 70.8 34.649 —58.0 0.829 56.7 8.826 82.5 
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900 MHz Gp, & FN TEST CIRCUIT 


Vg2s =4 V 


ime 000 pF 


AT kQ 








, : OUTPUT 
1 OCO pF 


im 







INPUT 


Lyibo;35 x5x0.2 mm 





1 000 pF F 


Vos= 10 Vv 


Ve1s 


Vps=10V, Vegas =4™M Ip =i10mA 
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DESCRIPTION ~The uPAGSH is designed for use in the top 
stage for differential amplifier of a stereo 


main amplifier. | 


FEATURES @ Excellent pair balance 
AVe6s =20 mV MAX. 
= * @V ps = 10 V, Ip = 1.0 mA, 
AV es = Vesit)~ Vesis) 
IY;.! Ratio;0.95 MIN. 
@Vps = 10 V, Ip = 1.0 mA 
® High bleakdown voltage. 
Ve6po0 ~ 50 V 


ABSOLUTE MAXIMUM RATINGS 














in millimeters (inches) 


| PACKAGE DIMENSIONS 


19.5 MAA. 


' (0.77 MAX) * 
Se 





| 
| 
| 
| 
| 
MARKING 


0.6 MAX. 











N-CHANNEL SILICON DUAL JUNCTION FIELD EFFECT TRANSISTOR 


uPAGS8SH 





2.54 +0.2 oy th : 
Maximum Temperatures (0.1) | | oe 
: oa | - c (0 05) | 

Storage Temperature ............ —55 to +125 C | 158 ME | 

Junction Temperature .......... +125 °C Maximum a | —— 
Maximum Power Dissipation (Ta= 25 °C) 

Total Power Dissipation ........... 250 mW/Unit 1. DRAIN 1 
Maximum Voltages and Currents (Ta=25 °C) 2. GATE 1 

3. SOURCE 1 
VGpo Gate to Drain Voltage ......... —50 V 4. SUB. 
| a 5. SOURCE 2 

Voso Gate to Source Voltage ........ 50 V si ean ge 

Vosx’ Drain to Source Voltage ....... 50 V 7. DRAIN 2 

ID Drain Current .............. 30 mA 

ls Gite Cumin sss ood oo ed ae 10 mA 

*VGs=-3.0 V 

ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC MIN. TYP. MAX UNIT TEST CONDITIONS 
loss Zero-Gate Voltage Drain Current 1.0 18 mA Vps=10 V, Vgs=9 

iS) — Vps=10 V, Vgs=0 
ee Zera-Gate Voltage Drain Current Ratio 0.9 1.0 DS ‘ ae 

IDSSIL) DSS(S)/'DSS(L) 

YF. Forward Transfer Admittance 5.0 7.0 ms Vps=10 V, Ip=1.0 mA, f=1.0 kHz 
| Weg lig) Vps=10 V, Ip=1.0 mA, f=1.0 kHz 
| | DS D 

a : Z ] j Es | ® 
| eee Vf Ve Forward Transfer Admittance Ratia 0.95 1.0 Meslesy/[¥ esle yy 
| | | Vps=10 V, Ip=1.0 mA 
| AVGS Gate to Source Voltage Difference 3.0 20 mV 4 Vas=VesiL)-Vesis)” 
| NV Noise Voltage 25 35 mV See Test Circuit 

Cise input Capacitance 15 pF Vos=10 V, Vgsg=9, f=1.0 MHz 

Crss Feedback Capacitance 3.0 pF Vps=10 V, Vgs=0, f=1.0 MHz 

VGSioff) Gate to Source Cutoff Voltage —0.15 25 Vv Vps=10 V, Ip=10 uA 
IGss Gate Cutoff Current —1.0 nA Vgs=—-20 V, Vps=0 : 
en een Teer ee | 
*(5) : The Smaller Value, (L) : The Larger of the pair 
Classification of loss 
| Rank | K L | M | N | 
$$ _____+—_______1+—_. a 
| IpsslmA) .O ~- 6.0 | 5.0 — 10 | 9.0 — 14 | 13 —- 18 


lpss Test Conditions : Vpg=10 V, Vgg=9 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Py — Total Power Dissipation -— mW 





FORWARD TRANSFER ADMITTANCE 


8 
a 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


00 


125 


Ta — Ambient Temperature — ‘C 


vs. DRAIN CURRENT 


DRAIN CURRENT vs. 7 
DRAIN TO SOURCE VOLTAGE 


3 
= 4 
= = SS ee Ves =o 
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Oo =| 
l + + 
a 
| “G4 | 
136 0 10 20 30 40 50 


Vpg5—Drain to Source Voltage —V 


CORRELATION CURVE GATE TO 
SOURCE CUTOFF VOLTAGE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 


uPA68H 





DRAIN CURRENT vs. 
GATE TO SOURCE VOLTAGE 


mA 


ID Drain Current 





“10 08 —06 -04 —02 
Vag — Gate to Source Voltage — V 


a 12 


CORRELATION CURVE 
FORWARD TRANSFER ADMITTANCE vs. 
ZERO-GATE VOLTAGE DRAIN CURRENT 


mS 
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ViaSloff) 


pee ae Ipsg — Zero-Gate Voltage Drain Current — mA logs — Zere-Gate Voltage Drain Current —mA 


NOISE VOLTAGE TEST CIRCUIT LEAD CONNECTION 


INPUT CAPACITANCE AND FEEDBACK 
TRANSFER CAPACITANCE vs. 
DRAIN TO SOURCE VOLTAGE 






Vong =10 V 







B. PF. 


Vos =0 


FLAT Amp 








Le 
Ee. 
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NPN SILICON TWIN TRANSISTOR 


UPAJ4HA 











DESCRIPTION eee ieee aaa aa 
The uPA74V is designed for use in the top stage for differential PACKAGE DIMENSIONS 


amplifier of an EQ amp. and a stereo main amp. in millimeters 





























FEATURES 19 55 MAX. | 3.0 MAX, 
® Excellent pair balance AVee : 5.0 mV MAX. i, | . | | 
@ Voge =6.0 V, lo = 1.0 mA ee! £5 | 
® High hee hee : 400 < | 
@ VceE #6.0 ¥, le =1.0 mA ; | 
®@ High breakdown voltage VcEO 80 Vo MIN. i vt 
= | 
ABSOLUTE MAXIMUM RATINGS nN a eee NS a 
Maximum Temperatures ps4 2.64 ae ee 
Storage Temperature ........... —55 to +125 °C 9#0.1 EOL 0.18 
Junction Temperature .......... 125 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 1. BASE 1 
= ' ure , ‘ 2. COLLECTOR 1 
Total Power Dissipation.......... 300 = mW/unit 3. EMITTER 1 
Maximum Voltages and Currents (Ta=25 “C) - 2 ne ‘ 
Vcpo Collector to Base Voltage....... 80 V | 6. COLLECTOR 2 
Veeco Collector to Emitter Voltage....,.80 V | ia: Been 2 | 
Vego Emitter to Base Voltage........ 5.0 V 7 
le Collector Current ............ 50 mA 
lp Base Uren 40.6 c ae ee ek 10 mA 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
a SYMBOL “CHARACTERISTIC == MIN. TYP. MAX. UNIT) TEST CONDITIONS 
ua DC Current Gain 150 350 VcE=6.0V, I¢=0.1 mA 
| hFE2 DC Current Gain 200 400 800 VcE=6.0 V, Ic=1.0 mA 
| hee(s)/hFE(L) DC Current Gain Ratio 0.9 1.0 VceE=5.0 V, Ic=1.0MmA 
| AVBE Base to Emitter Voltage Difference 2.0 5.0 mV pis hich ea 
| NV Noise Voltage 80 mv See Test Circuit 
| Cob Output Capacitance 2.5 pF Vcp=30 V, |e =0, f= 1.0 MHz 
| IcBo Collector Cutoff Current 1.0 BA Vcp=70 V, le=0 
| lEBO Emitter Cutoff Current 1.0 uA VeRp=4.0 V,Ilc=70 
VBE Base to Emitter Voltage 0.55 0.65 V VcE=6.0 V, Ic=1.0 mA 
VCE (sat! Collector Saturation Voltage 0.3 V Ic=10 mA, Ilp=1.0mA 





oS of hee? 


—s L 





200 —- 400 | 300-600 | 400 - 800 | 








Test Conditions : Vee =6.0 V, Ic =1.0 mA 
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NEC tvectron vevice 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Free air 





PT —Total Power Dissipation —mW/unit 





O- 25 500075 
Ta—Ambient Temperature —‘C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


Ic —Collector Current—mA 















0 O.2 O4 0.6 08 1.0 12 
Vee —Base to Emitter Voltage —V 
NF MAP 4 
LOM 
500 kN 
200 
cz 100 
2 50 
i 
Cc 
is! 
% 20 
@ 
oO nn es a Son eee 
a 
Y 5.0 
= 
a 
on 
| 20 
ia | : 
1 ke 
5 1 tt — t-te 
s00-—r ats —— ‘, 
ae i a Seta maui 
200 meee sess 
109 SI HIT 





05 1020 5.0 1€ 


mA 


0.010.02 0.05 0.1 0.2 
lc —Collector Current — 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


l¢ —Collector Current ~mA 





C 10 20 30 £0 50 
Vce —Collector to Emitter Voltage—V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


‘Base Saturation Voltage —V 


LHI mai em 
aa | a rel 
Il 


0.01 0020.05 0102 051020 50 10 20 
lc —Collector Current —mA 





VCE(sat) Collector Saturation Voltage —V 


VBE(sat) 


NF MAP 2 


Rg-—Source Resistance — &2 


A ==! a es oes ass! 
ee a> bess: 
spt 8 ot 

maatl 





10 20 5.0 10 
mA. 


0.010.02 0.0501 02 05 
l¢ —Collector Current — 


uUPAT4HA 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 








10000 amen - -- 
+——>--$-9 3 63pe-——— —_ — oe eae _ 
SS os Voce =6.0 V 
S005 ——+-— $4 ~0 bo-ote +- . asl - — 
—f- + 9 e408 4 +H +—+ Hit 4- + : | 
Coir or deeded pee i ! 


ra 


here —DC Current Gain 


Cob — Output Capacitance — pF 


Rg Source Resistance — 











0102 051029 5010 © 50100 


lc —Coliector Current—mA 


10 
0.01 0.02 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 








10 20 50 10 2 50 
VcB—Collector to Base Voltage -V 





05 1020 50 10 


6.010.02 0.059.1 0.2 
l¢ Collector Current —mA 
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LPAT4HA | NEC ELECTRON DEVICE 





NV TEST CIRCUIT 


VCE =5 V, l¢ =1.0 mA, Rg = 100 ki 







Band Pass 


Filter 


(10 Hz~1.0 kHz) 


o —15 V 


Gy =80 dB 
FLAT 
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PNP SILICON TWIN TRANSISTOR 


UPAJSHA 


iD) 


ELECTRON DEVICE 












te re Se 








DESCRIPTION 
The uPA75V is designed for use in the top stage for differential PACKAGE DIMENSIONS . 
amplifier of an EQ amp. and a stereo main amp. Sunes 
| 
FEATURES . | ie UE nd, © 
® Excellent pair balance “AVee : 5.0mV MAX, | 
@ Voe =-6.0 V, lo =-1.0 mA ' ie 
® High hre hee : 400 TYP. | = 4 
@Vce =-6.0V,Ilc =-1.0MA | x 45 
® High Breakdown Voltage Vceo : ~80V MIN, S 
ABSOLUTE MAXIMUM RATINGS > | | ih. MINA | | 
Maximum Temperatures [2.54] | eer MAX, 0360.05 
Storage Temperature ...........-.. -55 to+125 °C 7 "| 0.5+0.1 f6] 0.15 [A] 
Junction Temperature .......... 125 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 1. BASE 1 
Total Power Dissipation. ........... 300 mW/unit a he acl | 
Maximum Voltage and Currents (Ta = 25 C) 4. SUB- 
Vcspo Collector to Base Voltage ..... me 6 . ate > 
Vceo Collector to Emitter Voltage... -80 V 7, BASE 2 
Veso Emitter to Base Voltage...... -5.0 V 
Ic Collector Current ...2..<.4. -50 mA 
lp Base Current 2.0... 005 eeu -10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 


















SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 

hee ‘DCCurrentGain =  ~=150 += 350” | VcE=—6.0 V, I¢=—0.1 mA 
heea DC Current Gain 200 400 800 Vce=—6.0 V, Ic¢=—0.1 mA 
hee(s)/MFE(L) DC Current Gain Ratio 0.9 1,0 VcE=-6.0 V, Ic=-1.0 mA 


Vce=—6.0 V, Ic =—-1.0 mA 


AVRE Base to Emitter Voltage Difference 2.0 5.0 mV AVge= |VBE1= VBE? | 

NV Noise Voltage 80 mV See Test Circuit 

Cob Output Capacitance 4.0 pF Vcep=—30 V, le=0, f= 1.0 MHz 
ICBO Collector Cutoff Current -1.0 bi Vep=—70 V,le=0 

lEBO Emitter Cutoff Current -1.0 HA Vep=—4.0 V, lc=0 

VRE Base to Emitter Voltage —0.55 -0.65 V Voce =—6.0 V, Ic¢=-1.0 mA 





VCE (sat) Collector Saturation Voltage -0.3 V Ic=—10 mA, Ip=—1.0 mA 


Classification of hees 


_ Rank | P F E ] 


a Se es a ——- 


Range | 200—400 300-600 400-800 | 


Se 





—— 








Test Conditions: Vce=—6.0 V, Ilc¢=—-1,0 mA 
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uPA75HA 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


500 








Free air 


ij 
| | | 
ee ee ee 
t 


400}- 
300 
200| 


100 


PT — Total Power Dissipation —mW/unit 


Ta— Ambient Temperature —. ‘¢ 


COLLECTOR CURRENT vs. 
BASE TO 


9 E—— 


EMITTER VOLTAGE 





l¢ — Collector Current — mA 





~1.0- 


0 —-02 -0.4 —06 —08 


Vee ~- Base to Emitter Voltage — V 


NF MAP 1 
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= ce — aati 
100 a SE a ee ee lll 
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l¢ — Collector Current — mA 


32 


=L2 


* 


Ic — Collector Current —mA 


VBE(sat) — Base Saturation Voltage — V 


Rg — Source Resistance — 0 


—20 


VCE(sat) — Collector Saturation Voltage —V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 








hee — DC Current Gain 


-10 -20 -30 —-40 —50 


Vcr — Collector to Emitter Voltage —V 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


= TEVCE 

— Ent i — 
ii ——— : “ 
001-002 -005-01 -02 -05-10-20 -50 -10 -20 


I¢ — Collector Current —mA 


NF MAP 2 


. a 
pyttt f=100 Hz 
CPR 4 f=1 Hz 


Rg — Source Resistance — 1 





ol 


O01 -002 “0 -10 


-10 -20 


-005-01 -02 -05 


I¢ — Collector Current — mA 


Cob — Output Capacitance — pF 








~O01-002 -006-01-02 


NEC ELECTRON DEVICE 





DC CURRENT GAIN vs. 


| mail 
Billi 


I¢ — Collector Current — mA 


OUTPUT CAPACITANCE vs. 


COLLECTO 





ee ee ee 


m4 ee ee 


2 
Ta a 





lp=0 


COLLECTOR CURRENT 


—50 





R TO BASE VOLTAGE 


— 100 


VcB — Collector to Base Voltage —V 


=O01 -002 


NF MAP 3 





“05 -10 -20 


-005 -01 =-02 


l¢ — Collector Current — mA 


-50 -10 





NEC ELECTRON DEVICE UPA/7S5SHA 





NV TEST CIRCUIT 


VeE=5V, Ic=1.0mA, Rg=100 ka 





=~ 15 ¥ 
O 
oe 
a ie | Band Pass 
of 2 - P———O NVr.imnis. «© 
Filter . 
(10 Hz~ 1.0 kHz) 
—O+15V 
Gy=80 dB 





FLAT 
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NEC / _ nPNSILICONTWINTRANSISTOR _ 
uPA76HA 














DESCRIPTION 
The wPA76V is designed for use in the top stage for differential | PACKAGE DIMENSIONS 
amplifier of an EQ amp. and a stereo main amp.. | in millimeters 
FEATURES 
~. | | . 19.55 MAX. 
© Excellent pair balance AVee : 5.0 mV MAX. —=_ =. 
@ Vce =6.0 V, Ic =1.0 mA 
® High hee hee : 400 TYE: x 
@ Vee =6.0 V, le =1.0 mA =| 
- 
ABSOLUTE MAXIMUM RATINGS < | 
Maximum Temperatures 
Storage Temperature ............. —55 to +125 °C | 
Junction Temperature .......... .. 125 °C Maximum 
Maximum Power Dissipation (Ta =25 °C) 
Total Power Dissipation............. 300 mW/unit - B 
; 5 . COLLECTOR 1 
Maximum Voltage and Currents (Ta=25 C) . EMITTER 1 
Vepo Collector to Base Voltage...... 60 V ‘ eee > 
Vceo Collector to Emitter Voltage.... 60 #£V ’ Sep 3 
Vepo Emitter to Base Voltage....... 5.0 #V Ste 
lc Collector Current ........... 50 mA 
lp Base CUITENE fics ew wea ee a 10 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS 
hE ET DC Current Gain a 150 350 —— VGE=6.0V, I¢=0.1 mA 
hFeD DC Current Gain 200 400 800 VceE=6.0 V, Ilc=1.0 mA 
hee(s)/NMFE(L} DC Current Gain Ratio 0.9 1.0 Vce=6.0 V, Iic=1.0mA 
AVBE Base to Emitter Voltage Difference 2.0 5.0 mV ee at 
NV Noise Voltage 160 mV see Test Circuit 
Cob Output Capacitance 2.5 pF Vop=30 V, le=0, f=1.0 MHz 
IcBo Collector Cutoff Current 1.0 uA Vcp=50 V, le =0 
lEBO Emitter Cutoff Current 1.0 A Vep=4.0 V, Ic=0 
VBE Base to Emitter Voltage 0.55 0.65 V Vce =6.0 V, Ic =1.0 mA 





Collector Saturation Voltage ‘ Ic=10 mA, Ip =1.0mA 


Classification of hfe 


200 — 400 300 — 600 400 — 800 


Test Conditions : VcE=6.0 V, Ic =1.0 mA 
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NEC trectron vevice uPA76HA 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 


hee —DC Current Gain 


l¢ -Collector Current —mA 





PT —Total Power Dissipation —mW/unit 


| | | 0010.02 010.2 051.020 50 10 20 50100 
Ta—Ambient Temperature — C 0 10 20.2~O«C 40 50 l¢—Collector Current—mA 
VceE—Collector to Emitter Voltage —V 





COLLECTOR CURRENT vs. COLLECTOR AND BASE SATURATION OUTPUT CAPACITANCE vs. 
BASE TO EMITTER VOLTAGE VOLTAGE vs. COLLECTOR CURRENT COLLECTOR TO BASE VOLTAGE 
= 1 10 — 10 pre — 








=> 
| 
= 2 
| & re 
3% ; 
s> | 
= a 
E S& 2 
_ ue 
€ 55 Fs 
wD ia ar 
= Te s 
= 5 & 
ae) ar 
ke a2 =] 
: 32 é 
a a3 = 
a, 7 0 a 
= Mo | 
‘2 | | = 
| 33 § 
2 YD | | | - 0 Pi 
a) ud Me i oe | 3 : a ' 
DO 9.01 0020.05 0.10.2 051020 50 10 20 50 100 10 20 50 8610 620 50100 
lc —Collector Current—mA Vcp—Collector to Base Voltage —V 


0 02 04 O68 O08 10 12 
Veg —Base to Emitter Voltage —V 


NV TEST CIRCUIT 


Vee =5 VY, Ic=10 mA , Rg = 100 KQ 
en 5 









Band Pass 
Filter 


oONVr.ms. 


100 k 





(10 Hz~1.0 kHz) 
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ELECTRON DEVICE uu PAT 7 L A 






















DESCRIPTION | BO 
The uPA77V is designed for use in the top stage for differential PACKAGE DIMENSIONS 
amplifier of an EQ amp and a sterem main amp, in millimeters 
FEATURES -. —_ 19.55 MAX. a set 
® Excellent pair balance AVepe : 5.0mV MAX. 

@ Vce = —-6.0 V, Ie =-1.0 mA 
® High hee hee : 400 TYP. 


@ Voge =-6.0 V, Ilo =-1.0 mA 










ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


2.9 MIN, 5.72 MAX. 


HV |.7 MIN | | 
ate oe 
2.54 MAX. 0,25+0.05 





—_ 





Storage Temperature............. —55 to +125 °C — 0.510 1/67 0.15 hy] 
Junction Temperature .......... 125 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 1. BASE 1 
Total Power Dissipation. ....... tase 300 mW/unit : Copereny. | 
Maximum Voltages and Currents (Ta= 25 C) a 4. SUB 
Vcspo Collector to Base Voltage..... —60 V 4 ae eae 4 
Veeq Collector to Emitter Voltage... —60 V 7. BASE 2 
VeBpp Emitter to Base Voltage...... =6.0~... ¥ 
lc Collector Current .......... -50 mA 
Ip Base Current ............. 710 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL CHARACTERISTIC , TEST CONDITIONS 


hFEq DC Current Gain 15 VcE=-6.0 V, Io=-0.1 ee 
hfe DC Current Gain | Vce=—6.0 V, ic¢=—1.0mA 
hee(s)/hFEI(L) DC Current Gain Ratio F ; VcE=-6.0 V, Ic =-1.0 mA 
Vce=—-6.0 V, Ilc=-1.0mA 


AV Base to Emitter Voltage Difference ; Si 
BE g AVeeE=|VBeE1-VBE2| 


NV Noise Voltage See Test Circuit 

Cob Output Capacitance : Vcp=—30 V, le=0, f=1.0 MHz 
ICBO Collector Cutoff Current Vcp=—50 V, le=0 

lEBO Emitter Cutoff Current Vep=—-4.0 V, Ic=0 

VBE Base to Emitter Voltage VoE=—6.0 V, ie=-1.0 mA 
VCE (sat) Collector Saturation Voltage ; Ilc=—10 mA, Ip=-1.0 mA 


Classification of hegs 


Rank | p F E 
ait - 
0 





ange” 200 — 400 | 300 — 600 | 400 — 800 | 
ri es et = 


Test Conditions: Vee=—6.0 V, Ic=-1.0 mA 
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NEC acreon oevice | | uPAT7HA 





TYPICAL CHARACTERISTICS (Ta = 25 °C) 





















TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE- COLLECTOR CURRENT 
= —20 r —— 
= 
= 
| < [= 
=| E a) 
Ss |  . 
a a a 
ws 5 5 
a o ee 
: : 2 
& 2 | 
c=) Wi 
) oO & At 
a cs fall 
| Lil } 
bE 19L os —— : 
| | ~OO1-002 -005-01-02 -05-10-20 -50-10-2 -50 -100 
7 , . 0 rs) — — af } —= ; —! 
Ta — Ambient Temperature — °C ce ek a ee ic — Collector Current — mA 
Vce — Collector to Emitter Voltage —V 
COLLECTOR CURRENT vs. COLLECTOR AND BASE SATURATION OUTPUT CAPACITANCE vs. 
BASE TO EMITTER VOLTAGE VOLTAGE vs. COLLECTOR CURRENT 
ie =f ! > SSSA io=10- lp 
>. COO a: 
f = 4. HHT ed tot to» + st tit a 
= —9 — ft soe denge boa pt tte | 
i s§ “MES SHEE pe (sat) See ats iS 
= = — oh bh ts = jnaaii ot it = ‘a 
5 35 70 tH : 3 
= — 4 t ~- . 
3 5-02 HT . 
— — le | | 5 
2 a 5 70.1] = 
Lik} [4] as os ak EC = Cott ef ra] 
3 & 3 -005 + VCE(sat) ot 
| 1 | | 3 
oO 23 0.02 int 5 : 
mw iw —0.01 , a — , SEE 
2s 001-002 -005-01-02 -05-10-20 -50 -10 -2 -50 -10 10. —2.0 9.0 —10. -20...—-50 —-100 


, Liesl = = irrent — mA VeR — to it 
0 -02 -04 -06 -Q8 -10 -12 I¢ — Collector Current -m VcB — Collector to Base Voltage —V 


VBE — Base to Emitter Voltage —V 
NV TEST CIRCUIT 


o-15V VceE=5V, Ic=1.0mA, RG=100 kG 





| Band Pass 
Filter 


oO NVr.im.s 


100 k 


(10 Hz~ 1.0 kHz) 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURE 








The AA1L4M is designed for use in medium speed switching 


circuit. 


NPN SILICON TRANSISTOR 


@ Bias resistors built-in type NPN transistor equivalent circuit. 





ABSOLUTE MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Tg = 25 C) 


SYMBOL 
. = 

Ry/Ro 

ViH 

VIL 

ton 

tstg 

loff 

NEY 

hFE2 

VCE Isat) 

ICBO 
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CHARACTERISTIC 
Input Resistance 
Resistors Ratio 
Hi Level Input Voltage 
Low Level Input Voltage 
Turn on Time 
storage Time 
Turn off Time 
DC Current Gain 
DC Current Gain 


Collector Saturation Voltage 


Collector Cutoff Current 


C 
Ry = 47 k&2 
Ro = 47 kQ} 
E 
Maximum Temperatures 
Storage Temperature............. —55 to +150 “C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation. ..........0.4. 300 mW 
Maximum Voltages and Currents (Tg = 25 °C) 
Vcpo Collector to Base Voltage....... 60 V 
Vceo Collector to Emitter Voltage..... 50 V 
Vespo Emitter to Base Voltage........ 10 V 
lcipc) Collector Current (DC)......... 100 mA 
IC(pulse) Collector Current (pulse) ....... 200 mA 





AA1TL4M 


———-—_—_—_-- 


PACKAGE DIMENSIONS 


in millimeters (inches) 
5.2 MAX. 


| 
(0.204 MAX.) 
. 
| = 
= 
Ts) 
os 
Ss 
| 








— 


(0.165 MAX.) 


7. EMITTER EIAJ : SC-43B 
TO-92 


2. COLLECTOR JEDEC : - 
| 3. BASE IEC : PASS 
a as 2 


eet CONDITIONS 


Vee =5.0V, Ic = 100 vA 
Vce =0.2V, Ic =5.0mMA 

Vcc =5.0V, RL =1.0k2 

Vi, = 5.0 V, 

.PW = 2 us, Duty Cycle = 2% 

Vee =5.0V, le =5.0mA 
Vce =5.0V, lc =50mA 
Ic = 5.0 mA, Ip = 0.25mA 
Vcp =50V, le =0 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


Free Air 


— —+-- —--——_- + —- 


Ww 
oO 
oO 


Nm 
4] 
o 






aad Nm 
uo o 
o oS 


PT —Toatal Power Dissipation mW 
8 


25.50 75 100 125 150 
Ta—Ambient Temperature—°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee -— DC Current Gain 
5 





10 20 50 10 20 50 100 
l¢— Collector Current— mA 


COLLECTOR CURRENT vs. 
INPUT VOLTAGE 


1000 


Ic --Collector Current — uA 





0.4 , 08 1.0 F 
Vin-Input Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


50 





Ic Collector Current mA 


0 2.0 4.0 6.0 8.0 10 
Vce-- Collector to Emitter Voltage- V 


COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


1.0 


VCE(sat) Collector Saturation Voltage 
= ° 
ho rm 





RESISTOR vs. 
AMBIENT TEMPERATURE 


100 


80 


kK Q 


60} 


40 


R — Resistor- 


20 





-2 oO 2 50 75 100 
Ta—Ambient Temperature °C 


> 0.5 


tsw — Switching Time- us 


Vce~ Collector to Emitter Voltage 








AA1L4M 





COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 








0 10 20 30 40 50 
I¢— Collector Current - mA 


INPUT VOLTAGE vs. 
COLLECTOR CURRENT 


pl teen a | 


— +—__++--» roth — - 
——— —— & — + —+ -—-> @ 
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ee 





20. 50 100 
l¢ — Collector Current mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 


PW 2 us 
Duty Cycles 


N 
) 


> 
# 


% 


_— 


2 


Oo 20 50 86100 
Ic—Collector Current— mA 
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ELECTRON DEVICE 








NPN SILICON TRANSISTOR 






AA1F4M 





DESCRIPTION The AA1F4M is designed for use in medium speed switching 
circuit. 


FEATURE ® Bias resistors built-in type NPN transistor equivalent circuit. 





Ry =22ka 
Ro = 22 kQ2 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures: 
Storage Temperature............ . ~—55 to +150 °C 
Junction Temperature ........... 150°C Maximum 
Maximum Power Dissipation (Tg = 25 °C) 
Total Power Dissipation. ...........+.. 300 mW 
Maximum Voltages and Currents (Tz = 25 °C) 
Vcpo Collector to Base Voltage....... 60 V 
Veeco Collector to Emitter Voltage..... “60 V 
Vepo Emitter to Base Voltage........ 10 V 
Icioc) Collector Current (DC)......... 100 mA 
IC(pulse) Collector Current (pulse) ....... 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 ‘C) 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


| 


: x 
| = 
== 
in = 
vey 
S. 


(0.5 MIN.) 


_ MIN. 


42 MAX. 
(0.165 MAX.) 


1. EMITTER EIAJ : SC-436 
2. COLLECTOR JEDEC : TO-92 
3. BASE 1EC : PASS 








SYMBOL CHARACTERISTIC 

R4 Input Resistance 15.4 22.0 28.6 kn 
R7/Ro Resistors Ratio D.9 1.0 1.1 = 
VIH Hi Level Voltage 0.8 1 IP 1.5 V 
VIL Low Level Input Voltage 1.0 1.6 4.0 V 
ton Turn on Time 0.11 0.4 us 
tstg Storage Time 2.3 5.0 us 
toff Turn off Time 2.6 6.0 us 
hFE1 DC Current Gain 60 120 195 - 
hee? DC Current Gain 30 400 = 
VCE (sat) Collector Saturation Voltage 0.04 0.2 V 
IcBo Collector Cutoff Current 0.1 pA 


160 


TEST CONDITIONS 


Vce = 5.0 V, Ic = 100 pA 

Vee =0.2V, Ic =5.0mA 
Vcc =5.0V Rp =1.0k9 
Vin = 5.0 V, 

\. PW = 2 us, Duty Cycle & 2% 

VcE=5.0V, Ic =5.0mA 

Vee =5.0V, lc =50mA 

Ic = 5.0 mA, Ip = 0.25 mA 

Vcp =50V, Ie =0 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 C) 


TOTAL POWER DISSIPATION vs. 


AMBIENT TEMPERATURE 
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COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 
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NPN SILICON TRANSISTOR 


AA1A4M 





iD 


ELECTRON DEVICE 








DESCRIPTION The AA1A4M is designed for use in medium speed switching | 





circuit. PACKAGE DIMENSIONS 
_ in millimeters (inches) 
FEATURE ®@ Bias resistors built-in type NPN transistor equivalent circuit. (0.204 MAX.) 
| 










5.2 MAX. 
Ry = 10kQ 3 
Ro = 10k = = 
E "s 
ABSOLUTE MAXIMUM RATINGS Zz 
Maximum Temperatures q S | 
Storage Temperature ........000 0 —55 to +150 °C hee | 
Junction Temperature ........... 150 “C Maximum 1.27 : = 
Maximum Power Dissipation (Ta = 25 °C) ae fis | \ as 
Total Power Dissipation.............4. 300 mW i a = = 
Maximum Voltages and Currents (T3 = 25 C) ae 
Vcpo Collector to Base Voltage....... _ 60 V 
1. EMITTER EIAJ : SC-43B 
Vceo Collector to Emitter Voltage..... 50 V | 2. COLLECTOR JEDEC : TO-92 
Vego Emitter to Base Voltage........ 10 V at ee ee. 2 nee 
Icipc) Collector Current (DC)......... 100 mA 
Ic(pulse) Collector Current (pulse) ....... 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
TESTCONDITIONS 








CHARACT 






SYMBOL FRISTIC 









R4 Input Resistance 7.0 10.0 13.0 kg 

R4/Ra Resistors Ratia 0.9 1.0 1.1 - 

VIH Hi Level Input Voltage 0.8 1.1 1.5 V Vce = 5.0 V, I¢ = 100 vA 

VIL Low Level Input Voltage 1.0 1.4 3.0 V Vee =0.2V, Ile =5.0mA 

ton Turn on Time 0.06 0.2 MS Vec =5.0V, RL =1.0 k2 
tstg storage Time 2,0 5.0 MS Vin = 5.0 ¥, 

toff Turn off Time 2.15 6.0 us PW = 2us, Duty Cycle = 2% 
heey DC Current Gain 35 62 100 _ Vee =5.0V, 1c =5.0 mA 
hreo DC Current Gain 80 230 = Vee = 5.0 V, le =50mA 

VCE (sat) Collector Saturation Voltage 0.05 0.2 V Ic =5.0 mA, Ip =0.25 mA 






Vcp = 50 V, le =0 





Collector Cutoff Current 





ICBO 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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ELECTRON DEVICE 


DESCRIPTION The AATA4P is designed for use in medium speed switching 


NPN SILICON TRANSISTOR 


AA1A4P 


circuit. 
FEATURE ® Bias resistors built-in type NPN transistor equivalent circuit. 
_ Ry =10 ko2 
Ry =47 ka 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
storage Temperature . 
Junction Temperature 

Maximum Power Dissipation (T3 = 25 °C) 
Total Power Dissipation 

Maximum Voltages and Currents (Tg = 25 °C) 
Vepo Collector to Base Voltage 
Vceo Collector to Emitter Voltage 
Vepo Emitter to Base Voltage 
Icioc) Collector Current (DC) 


lC(pulse) Collector Current (pulse) 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC 


Ry linet Rastecanea 

R9 Input Resistance 

VI Hi Level Input Voltage 
VIL Low Level Input Voltage 
ton Turn On Time 

tstg storage Time 

totf Turn Off Time 

hFeq DC Current Gain 

hee? DC Current Gain 


VCE (sat) Collector Saturation Voltage 


IcBo Collector Cutoff Current 


T64 





= # &© * & *# # 2 & & 


= & © ® &§ & © © © 8 HF © HEH 


i + &© ft + + 7 of Oo 


—55 to +150 °C 
150 °C Maximum 









. EMITTER EIAJ : SC-43B 
2. COLLECTOR JEDEC : TO-92 
3. BASE IEC 










PACKAGE DIMENSIONS 
in millimeters (inches) 
52 MAX. 
— (0.204 MAX.) 






5.5 MAX. 
. (0.216 MAX.) 





12.7 MIN 
(05 MIN.) 






42? MAX. 
(0.165 MAX.) 







TEST CONDITIONS 


Vice = 5.0 V, Ile = 100 pA 

Vee = 0.2 V, 16 =5.0mA 

/ Vcc = 5.0 V, Ry = 1.0 kQ, 
Vin = 5.0 V, 

s, PW = 2 us, Duty Cycle < 2% 

Vee =5.0V, Ic =5.0mA 

Vee = 5.0 V, Ie = 50mA 

Ic = 5.0 mA, Ip = 0.25 mA 


Vceop =50V,le=0 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


PT —Total Power Dissipation— mW 


hfe—DC Current Gain 


Ic —Collector Current —wA 
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TOTAL POWER DISSIPATION vs, 
AMBIENT TEMPERATURE VOLTAGE 
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ELECTRON DEVICE 












NPN SILICON TRANSISTOR 


AATF4N 










DESCRIPTION The AAIFA4N is designed for use in medium speed switching 
circuit. PACKAGE DIMENSIONS 
in millimeters (inches) - 
5.2 MAX. 
FEATURE ® Bias resistors built-in type NPN transistor equivalent circuit. | (0.204 MAX.) 
C | 
: Ry = 22k | ee 
Ry =47kQ. | == 
a 
uw 
| Ss 
E | 
ABSOLUTE MAXIMUM RATINGS 3 = 
uy 
Maximum Temperatures =“s 
Storage Temperature.............. —55 to +150 °C 
Junction Temperature ............ 150°C Maximum = 
: 
Maximum Power Dissipation (Ta = 25 °C) <= 
Total Power Dissipation... ........0.e005 300 mW = g 
Maximum Voltages and Currents (Tg = 25 °C) 
; 1. EMITTER EIAJ : SC-43B 
Vepo Collector to Base Voltage......... 60 V 2. COLLECTOR JEDEC : TO-92 
3. BASE IEC =: PA33 
Veco Collector to Emitter Voltage....... 50 V 
Vego Emitter to Base Voltage.......... 50 V 
lc(ipc) Collector Current (DC)........... 100 mA 
Ic(pulse) Collector Current (pulse) ......... 200 mA 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
“SYMBOL” CHARACTERISTIC MIN. TYP. MAX. UNIT | TEST CONDITIONS 
Ry Input Resistance 15.4 22.0 28.6 kQ 
R9 Input Resistance 32.9 47.0 61.1 ko 
VOH Hi Level Input Voltage 0.6 0.8 1.2 V Voce = 5.0 V, Ie = 100 vA 
VIL Low Level Input Voltage 0.7 1.3 3.0 V Vege =0.2 V, lo = 5.0 mA 
ton Turn On Time 0.2 0.3 ms Veco = 5.0 V, R, = 1.0 kf, 
tstg Storage Time 3.0 5.0 MS Vin = 5.0 V, 
toff Turn Off Time 3.5 6.0 Ms PW =2 us, Duty Cycle = 2 % 
hFe4 DC Current Gain 85 200 340 _ Vce = 5.0 V, Ic = 5.0 mA 
hee? DC Current Gain 95 230 - Voce =5.0V, lo =50mA 
VCE (sat) Collector Saturation Voltage 0.04 0.2 Vv lc = 5.0 mA, Ip = 0.25 mA 
lcBo Collector Cutoff Current | 0.1 A Vcp = 50 V, ie =0 
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ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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NPN SILICON TRANSISTOR 


AATL4L 


NEC 


ELECTRON DEVICE 








DESCRIPTION The AA1L4L is designed for use in medium speed switching 





circuit. PACKAGE DIMENSIONS 
: in millimeters (inches) 
52 MAX. 
FEATURE ® Bias resistors built-in type NPN transistor equivalent circuit. {0.204 MAX.) 
R, =47kQ . 
Ro = 22 kQ2 2 © 
"Ss 
ABSOLUTE MAXIMUM RATINGS : = 
} 
Maximum Temperatures =s 
Storage Temperature............. —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum 2 
Maximum Power Dissipation (Tg = 25 °C) 33 
Total Power Dissipation. ............. 300 mW 7 s 
Maximum Voltages and Currents (Ta = 25 °C) 
. 1. EMITTER EIAJ : SC-43B 
Vcso Collector to Base Voltage....... 60 V 2. COLLECTOR JEDEC : TO-92 
3. BASE IEC =: PAS3 
Vceo Collector to Emitter Voltage..... 50 #V 
Vepo Emitter to Base Voltage........ 15 V 
lc(oc) Collector Current (DC)......... 100 mA 
lc(putse) Collector Current (pulse) ....... 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 ‘C) 





SYMBOL CHARACTERISTIC . TEST CONDITIONS 
Ry Oe Input Resistance —_ a | 

Ro Input Resistance 

ViIH Hi Level Input Voltage 0. ; Vce = 5.0 V, Ic = 100 pA 
VIL Low Level Input Voltage ; 5 Vee = 0.2 V, 1c =5.0mA 
ton Turn On Time Veco =5.0V, RL = 1.0 kf, 


tstg Storage Time : : | Vin = 5.0-V, 

toff Turn Off Time u PW = 2 us, Duty Cycle S 2 % 
hee DC Current Gain Voce = 5.0 V, Ic =5.0mA 
hee? DC Current Gain : Vce = 5.0 V, Ic = 50 mA 

VCE (sat) Collector Saturation Voltage 1 Ic = 5.0 mA, lp = 0.25 mA 
IcBo Collector Cutoff Current : Vcp = 50 V, Ile =0 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR TO EMITTER 
VOLTAGE 
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COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 
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FLECTRON DEVICE 





NPN SILICON TRANSISTOR 


AA1L3Z 








DESCRIPTION The AA1L3Z is designed for use in medium speed switching 
circuit. 
FEATURE ® Bias resistors built-in type NPN transistor equivalent circuit. 
C 
— R, =4.7kQ 
E 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature......... .... —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (T, = 25 “C) 
Total Power Dissipation....... peo aeeee BOO mW 
Maximum Voltages and Currents (Ta = 25 °C) 
Vcgo Collector to Base Voltage....... 60 V 
Vceo Collector to Emitter Voltage..... 50 V 
Vepo Emitter to Base Voltage........ 5.0 V 
Ic(ipc) Collector Current (DC)......... 100 mA 
lc(pulse) Collector Current (pulse) ....... 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC 


Ry : “Input Resistance | 

VIH Hi Level Input Voltage 
Vib Low Level Input Voltage 
ton Turn On Time 

tstg storage Time 

toff Turn Off Time 

hFe1 DC Current Gain 

hFe2 DC Current Gain 


VCE (sat) Collector Saturation Voltage 


ICBO Collector Cutoff Current 


TTfTO 








PACKAGE DIMENSIONS 
in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


— 
: 
= = 
= = 
m 2 
ww 
Ss 


12.7 MIN 
(0.5 MIN.) : 


“42 MAX. 
(0.165 MAX.) 


1. EMITTER EIAJ 
2. COLLECTOR JEDEC : 
3. BASE IEC 


TEST CONDITIONS _ 


Vee = 5.0 V, le = 100 nA 
Vee =0.2V, Ie =5.0mMA 
/ Veco = 5.0 V, RL = 1.0 kf, 

_ Vin = 5.0 V, 

\ PW = 2 us, Duty Cycle < 2 % 
VcE = 5.0 V, Ic =5.0mA 
Voce = 5.0 V, Ic =50mA 
lc = 5.0 mA, lp = 0.25 mA 
Vcp = 50 V, le =O 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
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ELECTRON DEVICE 








DESCRIPTION The AN1L4M is designed for use in medium speed switching 
circuit. 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. 





ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
—55 to +150 °C 
150 °C Maximum 


Storage Temperature 
Junction Temperature 
Maximum Power Dissipation (T3 = 25 °C) 


Total Power Dissipation............. _...300 mW 
Maximum Voltages and Currents (Tz = 25 °C) 

Vcpo Collector to Base Voltage........ . —60 V 

Vceo Collector to Emitter Voltage....... —50 V 

Vepo Emitter to Base Voltage.......... —10 V 

le(pc) Collector Current (DC) .......... —100 mA 

IC (pulse) Collector Current (pulse) ..,...... —200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 C) 
CHARACTERISTIC 







SYMBOL. MIN. 


329 





Ry Input Resistance 

Ri/Ra Resistors Ratio 0.9 1.0 1.1 
VIL Hi Level Input Voltage —0.8 —1.17 —1.5 
VIL Low Level Input Voltage —1.0 —2.4 —5.0 
ton Turn on Time 0.5 1.0 
tstg Storage Time 0.8 3.0 
toff Turn off Time 1.4 4.0 
heey DC Current Gain 85 135 340 
hfe DC Current Gain 95 180 

VCE (sat) Collector Saturation Voltage —0.05 —0.2 
ICBO Collector Cutoff Current —0.1 


tf2 


PNP SILICON TRANSISTOR 


ANT1L4M 



















PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
— (0.204 MAX.) 


5.5 MAX. 
- (0.216 MAX.) 











12.7 MIN 
(0.5 MIN.) 


2.54 
(0.10) 
127 
(0.05) = 
x = 
BS = 
ar 
~- 
2 
1. EMITTER EIAJ : $C-43B 
2. COLLECTOR JEDEC : TO-92 
3. BASE i—eEc : PAS3 





TEST CONDITIONS 





Vee = —5.0V,lc=—100 uA 
Vee = 0.2 V, le =—-5.0 mA 
Voco=-5.0 V, RE =1.0 ko | 
Vin = <5.0¥ | 







PW =2us, Duty Cycle 52% | 






Voce =—5.0 V,I¢ =—5.0 mA 





Vee =—5.0V,Ie =—-50mA 
lc = —5.0 mA, Ip = —0.25 mA 
Veep = —-b0V,lE=0 









NE C ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Vin 
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COLLECTOR TO EMITTER VOLTAGE 


50 al 
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I¢— Collector Current 


0 2.0 4.0 6.0 8.0 10 
Vce ~ Collector to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


-Collector Saturation Voltage—V 
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RESISTOR vs. 
00 AMBIENT TEMPERATURE 
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Vce~ Collector to Emitter Voltage V 


AN1L4M 





COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 


Input Voltage V 
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tsw- Switching Time — ps 
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PNP SILICON TRANSISTOR 


AN1F4M 





ELECTRON DEVICE © 









Cnn nee ene 


DESCRIPTION The AN1F4M is designed for use in medium speed switching 7 | 
ee PACKAGE DIMENSIONS 


in millimeters (inches) 
. ae hess . —_ 5.2 MAX. 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. (0.204 MAX.) | 


C | 
















Ry =22kQ x 
Rz = 22kQ ae 
wn a | 
: ; 
ABSOLUTE MAXIMUM RATINGS sz 
Maximum Temperatures a8 
Storage Ternperature............. —55 to +150 °C page 
Junction Temperature ........... 150 °C Maximum 1.27 
Maximum Power Dissipation (Ta = 25 °C) — 3 
Total Power Dissipation.............+. 300 mW - ; 
Maximum Voltages and Currents (Ta = 25 °C) me 
Vcpo  Callector to Base Voltage....... —60 V | 
Vceo  Callector to Emitter Voltage... .. —50 V as ge ee 
Vepo Emitter to Base Voltage........ —-10 V 3. BASE IEC: PASS 
lcipc) Callector Current (DC)......... —100 mA ~~ 
lc(puise) Collector Current (pulse) ....... —200 mA 
ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 
SYMBOL CHARACTERISTIC TYP. TEST CONDITIONS 


———— (ae eee er te —————— EE 


Ry Input Resistance 

R4/Ra Resistors Ratio 

VW Hi Level Input Voltage 8 7 Vce =—5.0 V, Ilo = —100 vA 
VIL Low Level Input Voltage i Vce = -0.2 V, ic =—56.0mA 
ton Turn on Time m Vee =—-—5.0V, RAL =1.0k2 
tstg Storage Time : | Vin = —5.0 V 

toff Turn off Time 1 . PW =2 us, Duty Cycle 52% 
heey DC Current Gain Voce =—5.0 V, lc =—-5.0mA 
hee? DC Current Gain Voce = —5.0 V, Ic = —50 mA 
VCE (sat] Collector Saturation Voltage F lc = —5.0 mA, Ip = —0.25mA 


IcBO Collector Cutoff Current —O0. Vcp = —50 V, Ip = 0 


T7T4 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tg = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
INPUT VOLTAGE 


R—Resistor—kQ 


Ic ~ Collector Current — vA 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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COLLECTOR CURRENT 
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RESISTOR vs. 
AMBIENT TEMPERATURE 
| t 
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AN1F4M 





COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 
~ Le 
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ELECTRON DEVICE 

















DESCRIPTION The AN1A4M is designed for use in medium speed switching 
circuit. 
FEATURE @ Bias resistors built-in type PNP transistor equivalent circuit. 
C 
Ry, = 10 k& 
Ro = 10 kQ2 
E 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. —55 to +150 °C 


Junction Temperature 150 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation ........ > Miia 4 300 mW 
Maximum Voltages and Currents (Ta = 25 °C) 

Vepo Collector to Base Voltage....... —60 V 

Vceo Collector to Emitter Voltage..... “50 V 

Vepo Emitter to Base Voltage........ —-10 V 

lcioc) Collector Current (DC)......... —100 mA 

lc(pulse) Collector Current (Pulse)....... ~200 mA 


ELECTRICAL CHARACTERISTICS (Tg = 25 “C) 
SYMBOL | | 
Ry 
R1/R2 


CHARACTERISTIC © 
Input Resistance 
Resistors Ratio 

VIH Hi Level Input Voltage 
Low Level Input Voltage 
ton Turn on Time 
tstg Storage Time 
loff 
NFE1 
NFE2 
VCE (sat) 


ICBO 


Turn off Time 
DC Current Gain 
DC Current Gain 


Collector Saturation Voltage 


Collector Cutoff Current 


176 






in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 







x 2 
<= 
a8 
am 
is 
1. EMITTER EIAJ SC-438 
2. COLLECTOR JEDEC TO-92 
3. BASE IEC PASS 


TEST CONDITIONS 


Voce =—5.0V, Io =—100 uA 
Vee =—0.2 V, Ic =—5.0mA 
‘Noc = —5.0 V, RL =1.0k2 

Vin = —5.0 V 

PW = 2 us, Duty Cycle <= 2% 
Vce = —5.0 V, Ic = —5.0mA 
Voge =—5.0 V, Io = —50 mA 
lc = —5.0 mA, Ip = —0.25 mA 
Vop = —50 V, Ie =0 





PNP SILICON TRANSISTOR 


AN1A4M 


Se Se 


PACKAGE DIMENSIONS | 





5.5 MAX. 
(0.216 MAX.) 


12.7 MIN. 
(0.5 MIN.) 





. NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


COLLECTOR CURRENT vs. 


TOTAL POWER DISSIPATION vs. 
COLLECTOR TO EMITTER VOLTAGE 


AMBIENT TEMPERATURE 
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AN1A4M 





COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 
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SWITCHING TIME vs. 
COLLECTOR CURRENT 
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ELECTRON DEVICE 





ANT 








DESCRIPTION The AN1A4P is designed for use in medium speed switching 





circuit. in millimeters (inches) 
5.2 MAX. 
; fe : ots (0.204 MAX.) 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. 
- C 
Ry, =10kQ 
Ro = 47 kQ) 
E 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. —55to+150°C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 C) 
Total Power Dissipation ............4. 300 mW 
Maximum Voltages and Currents (Ta = 25 °C) 7 1. EMITTER EIAJ 
2. COLLECTOR JEDEC : 
Vcpo Collector to Base Voltage....... —60 V | 3. BASE IEC 
Vceo Collector to Emitter Voltage.....—-50 V 
Vepo Emitter to Base Voltage........ —-50 V 
leipc) Collector Current (DC)......... —100 mA 
Ic(pulse) Collector Current (pulse) ....... —200 mA 


ELECTRICAL CHARACTERISTICS (Tz = 25 "Cl 

















IcBo Collector Cutoff Current —Q.1 uA Vep = —50 V, Ip =O 








Tfs 


4.2 MAX. 
(0.165 MAX.) 





PNP SILICON TRANSISTOR 


A4P_ 


PACKAGE DIMENSIONS 


; = 
ea 
<= 
= 
wn 2 
un ty 
=! 


12.7 MIN 
(0.5 MIN.) 








TESTCONDITIONS __ 


SYMBOL. CHARACTERISTIC _ 

Ry —sdInput Resistance = t—~*é«7*« 10.0 a: 
Ro Input Resistance 32.9 47.0 61.1 ka 
VIH Hi Level Input Voltage ~—Q.5 —0.68 —0.9 V Vce = —5.0V, le =—100 nA 
VIL Low Level Input Voltage —0.6 —1.0 —3.0 V Vee =—-0.2 V, lc =—-5.0mA 
ios Turn On Time 0.08 0.2 us / Vor = 5.0 V, RL = 1.0 ka, 
ia Storage Time 1.5 5.0 us \ Vin = —5.0V, 
toff Turn Off Time 1.8 6.0 us \, PW = 2 us, Duty Cycle S 2 % 
heey DC Current Gain 85 140 340 — Vce = —5.0 V, lc =—5.0mA 
hFe2 DC Current Gain 95 190 — Vee = —5.0 V, Ic = —5O0 mA 
VCE(sat) —° Collector Saturation Voltage —0.04 —0.2 V Ic = —5.0 mA, Ip = —0.25 mA 





NEC ELECTRON DEVICE | AN1A4P 


TYPICAL CHARACTERISTICS (T, = 25 °C} 


COLLECTOR CURRENT vs. COLLECTOR TO EMITTER 
TOTAL POWER OlSslr Ares COLLECTOR TO EMITTER VOLTAGE vs. COLLECTOR 
AMBIENT TEMPERATURE VOLTAGE 2 CURRENT 


WwW 
= 


Free Air 


8 


PT —Total Power Dissipation mW 
Ic —Collector Current —mA 





0.25. 50. 75-100 125 150 


Ta—Ambient Temperature— °C 0 -20 -40 -60 -8.0 10 
VceE—Collector to Emitter Voltage—V 
COLLECTOR SATURATION 


DC CURRENT GAIN vs. VOLTAGE vs. COLLECTOR INPUT VOLTAGE vs. 
COLLECTOR CURRENT _ CURRENT COLLECTOR CURRENT 





VceE—Collector to Emitter Voltage—V 





hfe—DC Current Gain 
Vin—Input Voltage—V 








0 Litii } tL 
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VCE(sat)—Collector Saturation Voltage—V 


-10  —-30 —10 —30 100 
lc —Collector Current—mA Ic —Collector Current—mA l¢—Collector Current—mA 
COLLECTOR CURRENT vs. SWITCHING TIME vs. 
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ELECTRON DEVICE 





DESCRIPTION 
circuit, 


FEATURE 


ABSOLUTE MAXIMUM RATINGS 


® Bias resistors built-in type PNP transistor equivalent circuit. 


Cc 


PNP SILICON TRANSISTOR 


The AN1FA4N is designed for use in medium speed switching 


a R, = 22kQ 
Ry Ro = 47 kQ 


R2 


Maximum Temperatures 


Storage Temperature.......... Eee 
Junction Temperature 


f a it = io >= 2s fF 2 = & & 


Maximum Power Dissipation (T, = 25 °C) 





Total Power Dissipation .............06. 300 mW 
Maximum Voltages and Currents (Ta = 25 °C) 

Vepgo Collector to Base Voltage........-—-60 V 

Veeq Collector to Emitter Voltage......—50 V 

Vego Emitter to Base Voltage ..::-....--50 V 

lc(pc) Collector Current (DC).......... —100 mA 

Ic(pulse) Collector Current (pulse) ........ —200 mA 

ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX UNIT 
Ry | Input Resistance BO 15.4 : 220 26 ko 

R92 Input Resistance 32.9 47.0 61.1 k&e 
VOH Hi Level Input Voltage —0.6 —0.85 —1.2 V 
VIL Low Level Input Voltage —O.7 —1.3 —3.0 V 
ton Turn On Time 0.2 0.3 us 
tstg Storage Time 1.5 5.0 Ls 
toft Turn Off Time 2.0 6.0 us 
heey DC Current Gain 85 150 340 - 
hFE2 DC Current Gain 95 200 7 
VCE(sat) Collector Saturation Voltage —0.04 —0.2 Vv 
lcBo Collector Cutoff Current —0.1 mA 


180 





—55 to +150 °C 
150 °C Maximum 








AN1TF4N 








PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 






5.5 MAX. 
. (0.216 MAX.) 






12.7 MIN 
(05 MIN) 






4.2 MAX. 
(0.165 MAX.) 











; $C-43B 
TO-92 


EIAJ 
JEDEC : 
1EC 


1. EMITTER 
2. COLLECTOR 
3. BASE 









TEST CONDITIONS 


= 





a a 


Vce =-5.0 V, le =-100 pA 
Vee =-0.2 V, Ic =—-5.0mA 
[/ Vcc = —5.0 V, Rc = 1.0 kg, 
| Vin =—5.0 V, 

PW = 2 us, Duty Cycle < 2% 
Vce =—-5.0 V, Ic =—5.0mA 
Voce =—5.0 V, Ic = —50 mA 
ic = —5.0 mA, Ip = —0.25mA 
Vee =—50 V, Ip =0 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 ‘C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


ie 
in 
So 






Free Air | 


pone 
2 
= 
Pt 
a Es 


0 25 50 75 100 125 150 
Ta—Ambient Temperature —°C 





PT -—Total Power Dissipation~ mW 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee—DC Current Gain 





a1 2: = 10 =20 =O. = 108 
Ic Collector Current—mA 


COLLECTOR CURRENT vs. 
INPUT VOLTAGE 








I¢—Collector Current nA 


Vin —Input Voltage—V 





—mA 


I¢ -Collector Current 


VCE(sat) Collector Saturation Voltage—V 


tcw Switching Time~ us 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


0 -20 -40 -60 -80 —10 
Vee—Collector to Emitter Voltage—V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 


E oy Soeess 
=0.05)-=-}— ee 






-10-20 -50-10—-20 -50 —100 
Ic —Collector Current—mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 





10-20 -50-10 —-20  —50 —10C 
I¢ —Collector Current —mA 


Vce— Collector Current —mA 


Vin Input Voltage—V 








CURRENT 


AN1F4N 


COLLECTOR TO EMITTER 
VOLTAGE vs. COLLECTOR 





I¢~—Collector Current—mA 


INPUT VOLTAGE vs. 
COLLECTOR CURRENT 


-1.0 -2?.0 -5.0 -10 -20 —50 
Ie Collector Current — mA 
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ELECTRON DEVICE 









DESCRIPTION The ANIL4L is designed for use in medium speed switching 
circuit. 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. 
: C 
| R, =47kQ 
Ro = 22 kQ2 
JE 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. —55to+150 “c 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Tz = 25 °C) 
Total Power Dissipation ..........0.e08e5% 300 mW 
Maximum Voltages and Currents (T, = 25 “C) 
Vepo Collector to Base Voltage ...... ~--60 V 
Veeq Collector to Emitter Voltage..... —50 V 
Vepo Emitter to Base Voltage........ —15 V 
lcipc) Collector Current (DC)......... —100 mA 
Ic(puise) Collector Current (pulse) ....... —200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC 
Input Resistance 

Input Resistance 

Hi Level Input Voltage 
Low Level Input Voltage 
ton Turn On Time 

Storage Time 

Turn Off Time 

DC Current Gain 

DC Current Gain 


Collector Saturation Voltage 


‘stg 

loff 
NFEq 
NFE2 
VCE (sat) 
ICBO 


Collector Cutoff Current 
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PNP SILICON TRANSISTOR 








ANTL4L 


PACKAGE DIMENSIONS 
| in millimeters (inches) 
| 52 MAX. 
(0.204 MAX.) | 











55 MAX. 
"(0.216 MAX.) 











12.7 MIN 
(0.5 MIN.) 





(0.165 MAX.) 






1. EMITTER EIAJ : 
2. COLLECTOR JEDEC : 
3. BASE IEC 







TEST CONDITIONS 


Voce =—5.0V, Ic =—100 uA 
Voce =-0.2V, Ic =-5.0mA 
Vcc = —5.0 V, Ry = 1.0 kQ, 
| Vin = —5.0V, 
% PW =2 us, Duty Cycle = 2% 
VceE = —5.0 V, Ic = —5.0mA 
Vce = —5.0 V, ic = —50 mA 
ic = 5.0 mA, Ip = —0.25 mA 
Vop = —50 V, Ie =0 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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VcE(sat) Collector Saturation Voltage—V 
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COLLECTOR CURRENT vs. 
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Vin — Input Voltage —V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 





0 -20 -40 -60 -80 —10 
Vege — Collector to Emitter Voltage—V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 





CURRENT 
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AN1TL4L 


COLLECTOR TO EMITTER 
VOLTAGE vs. COLLECTOR 
CURRENT 





Ic ~ Collector Current—mA 


INPUT VOLTAGE vs. 
COLLECTOR CURRENT 


| | 


H im 
| | iT 
| | | 


~3.0 =D -30 —100 
lc — Collector Current — mA 


783 





5 


ELECTRON DEVICE 












DESCRIPTION The AN1L3Z is designed for use in medium speed switching 
circuit. 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. 
in C 
- ‘B Ry =4.7 kQ 
Ri 
E 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation... ........06- 300 mW 
Maximum Voltages and Currents (T, = 25 °C) 

Vcspo Collector to Base Voitage....... ~60 V 

Vceo Collector to Emitter Voltage..... —50 V 

Vepo Emitter to Base Voltage........ —5.0 V 

Ic(pc) Collector Current (DC),........ —100 mA 

IC(pulse) Collector Current (pulse) ....... —200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 








MAX. 
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AN1TL32Z 


PACKAGE DIMENSIONS 
in millimeters (inches) 


5.2 MAX. 
_ (0.204 MAX.) 


55 MAX. 


“> 
me 
= 
= 
™ 
= - 


127 MIN. 
(05 MIN.) 


42 MAX. 
(0.165 MAX.) 


1. EMITTER 


EIAJ 
2. COLLECTOR JEDEC : 
3. BASE 


IEC 










_ SYMBOL CHARACTERISTIC TYP. UNIT 
Ry Input Resistance 3.29 4.7——Ci(iTiK 
VIH Hi Level Input Voltage —0.5 —0.57 —0.6 V 
VIL Low Level Input Voltage —0.5 —0.75 —1.2 V 
ton Turn On Time 0.04 0.2 Ms 
tstg Storage Time 1.7 5.0 us 
toff Turn Off Time 1.9 6.0 Ls 
hre4 DC Current Gain 135 260 600 = 
hee DC Current Gain 100 200 - 
VCE (sat) Collector Saturation Voltage —0.04 —0.2 V 

_IcBo Collector Cutoff Current —0.1 mA 


_TEST CONDITIONS ; 
Vce = —5.0 V, lc = —100 vA 
VcE =—0.2 V, Ic =—5.0mA 

Voc = —5.0 V, RL =1.0kQ, 

Vi, =—5.0V, 

PW = 2 ys, Duty Cycle < 2% 
VcE =—5.0 V, Ic = —5.0 mA 
Voge = —5.0 V, Ic = —50 mA 
ic = —5.0 mA, Ip = —0.25 mA 
Vcp =—50 V, lp =0 




















NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 






50 


PT—Total Power Dissipation— mW 
Ph 
& 
oS 


0 25 50 75 100 125 150 
Ta—Ambient Temperature —“C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


[es 
= ape cot 
Ss ae 

| | 1] 


| | 


hee —DC Current Gain 





“10 3.0 10 30 
I¢ —Collector Current —mA 


COLLECTOR CURRENT vs. 
INPUT VOLTAGE 








“) —02 04 —06 —08 -10 —12 
Vin —!lnput Voltage—V 


VCE(sat)~ Collector Saturation Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 


I¢ Collector Current —mA 






0 -20 -40 -60 —80 —10 
Vce— Collector to Emitter Voltage-—V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 








~1.0 30  -10 ~—30 
I¢ —Collector Current —mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 





i) ae a a 
SH 
L 
LOMVec=— 5.0 Vj 
Vin = 5.0 Vo ; J 
PW=2us 0 Att 






tew— Switching Time us 


0.03 | 
- 1.0 —3.0 —10 
Ic - Collector Current —mA 


~—Input Voltage—V 


Vce~-Collector to Emitter Voltage—V 








AN1L3Z 





COLLECTOR TO EMITTER 
VOLTAGE vs. COLLECTOR 
CURRENT 





-20 -40 -60 —80 —100 
Ic Collector Current --mA 


INPUT VOLTAGE vs. 


30 =e —30 
I¢~- Collector Current —mA 
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DESCRIPTION The BA1L4M is designed for use in medium speed switching ‘| wat 
eee PACKAGE DIMENSIONS | 
circuit, at heart 
in millimeters (inches) 
: 4.2 MAX. 2.2 MAX. 
FEATURE @ Bias resistors built-in type NPN transistor equivalent circuit. (0. — MAX.) hee MAX.) 
Cc is : > 2 
m | = 
R, =47kQ | Pe 
Ro = 47 kQ ~ 
E | . 
(0.016 
ABSOLUTE MAXIMUM RATINGS a) 
a | | | Wi} 0.4 = 
Maximum Temperatures | Hl Hl ¢o.o16) aa 
Storage Temperature...........-.. —55 to +150 °C 2 
Junction Temperature ........... 150 °C Maximum _— 
Maximum Power Dissipation (T3 = 25 C) | 
Total Power Dissipation. ................ 250 mW : 
Maximum Voltages and Currents (T3 = 25 °C) | 05) 
Vepo Collector to Base Voltage .......... 60 V | = 
Vceo Collector to Emitter Voltage... ... .. 50 V te 
Vepo Emitter to Base Voltage........... 10 V ee : 1. EMITTER 
lcioc) Collector Current (DC) ........... 100 mA 3) 2. COLLECTOR 
lc (pulse) Collector Current (pulse) .......... 200 mA | 2 anes 
ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 
SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNIT TEST CONDITIONS 








Ry Input Resistance 32.9 47.0 61.1 kf 














Ri/Ro2 Resistors Ratio 0.9 1.0 1.1 — 

VIH Hi Level input Voltage 0.8 1.1 1.5 V Vce =5.0V, lc =100 pA 

VIL Low Level Input Voltage 1.0 17 5.0 V VCE =0.2V,I¢ =5.0mA 

ton Turn on Time 0.27 0.7 us Veco =5.0V,RL=10k2 
tstg Storage Time | 2.0 5.0 Ls Vin = 5.0 V, | 
toff Turn off Time 2.48 6.0 us PW = 2 us, Duty Cycle = 2% 
hFe1 DC Current Gain | 85 240 340 - Vee =5.0V,Ic =5.0mA 
hee? DC Current Gain 95 640 - Voce =5.0V,Ic =50mA 
VCE(sat) Collector Saturation Voltage 0.04 0.2 V lc =5.0 mA, lp =0.25 mA 





ICBO Collector Cutoff Current 0.1 uA Vcp = 50 V, Ile =0 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, =25 °C) 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
50 ——= 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


ay 










Free Air 


50 





PT —Total Power Dissipation— mW 
=) 
co 





0 25 50 75 100 125 150 | 
Ta~ Ambient Temperature —°C 0 “2.0 40 6.0 8.0 10 
Vce—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 


COLLECTOR CURRENT / COLLECTOR CURRENT 
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3 

us O 
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70.02 
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7 : | | 0.01 | 
10 20 450 10 20 50 100 ~~" 39-90 50 10 20. 50 100 


Ic — Collector Current— mA ‘i¢—Collector Current — mA 


COLLECTOR CURRENT vs. 
INPUT VOLTAGE 


RESISTOR vs. 
AMBIENT TEMPERATURE 


uA 
kQ 


lc -Collector Current 
R — Resistor — 





08 1.0 12 ~25 0 25 50.75 100 


Vin—!nput Voltage—V Ta—Ambient Temperature — °C 


COLLECTOR SATURATION VOLTAGE vs. 


tsw— Switching Time— us 


BA1L4M 





COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 
0.5 : — 






V 


o 
iw 


Vee Collector to Emitter Voltage 


0 10 20 30 40 ~°&# 50 
Ic—Coilector Current - mA 


INPUT VOLTAGE vs. 
COLLECTOR CURRENT 


on 
o 





hd 
oO 


20°~"? 507 4 
I¢—Collector Current— mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 
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DESCRIPTION The BA1F4M is designed for use in medium speed switching 
circuit. 
FEATURE @ Bias resistors built-in type NPN transistor equivalent circuit. 
C 
7 Ry =22kQ 
Ry = 22 kQ2 





ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature.............. —55 to +150 °C 


Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Tg = 25 °C) , 

Total Power Dissipation. ............ .... 250 mW 
Maximum Voltages and Currents (T = 25 °C) 

Vepo Collector to Base Voltage.......... 60 V 

Veeco Collector to Emitter Voltage......5. 50 V 

Vepo Emitter to Base Voltage........... 10 V 

lcipc) Collector Current (DC) ......... .. 100 mA 


lc (pulse) Collector Current (pulse) .......... 


ELECTRICAL CHARACTERISTICS (Tg = 25 C) 
CHARACTERISTIC 





SYMBOL _ 









Fy Input Resistance 15.4 a 22.0 oo 28.6 
R4/Ro Resistors Ratio 0.9 1.0 1.1 

VIH Hi Level Input Voltage 0.8 1.1 1.5 
VIL Low Level Input Voltage 1.0 16 40 

ton Turn on Time 0.11 0.4 

tstg Storage Time 23 5.0 

toff Turn off Time 2.6 6.0 

hFe1 DC Current Gain 60 120 195 
hee? DC Current Gain 90: 400 

VCE (sat) Collector Saturation Voltage 0.04 0.2 


ICBO 





Collector Cutoff Current 
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NPN SILICON TRANSISTOR 


BATF4M 















SS = 


PACKAGE DIMENSIONS 


in millimeters (inches) 


4.2 MAX. 2.2 MAX. 
(0.165 MAX.) (0.086 MAX.) 

is Se 

ee 

/== 

Lins 

oN 

on 

2 

z 

= 

ove 

oo 

= 

= 


— 5 MIN. 


1. EMITTER 
2. COLLECTOR 


3. BASE 











Vee =5.0 V, le = 100 pA 
Vee =0.2V,1¢ =5.0mA 
Veco =5.0V,RL=1.0k2 








Vin = 5.0V, 
PW = 2 us, Duty Cycle = 2% 
Vee =5.0V, Ic =5.0mA 
Vce =5.0V, lc =50mA 
Ic = 5.0 mA, lp =0.25 mA 
Veg =50V,le=0 

















NEC ttectron oevice | B A1 F4M 





TYPICAL CHARACTERISTICS (T, =25 °C) 











TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR TO EMITTER VOLTAGE vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 
= 350c 50 : x, 8 /- 
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@ 260 i 9 
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co wu 
0 25 50 75 100 125 150 = 
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DESCRIPTION The BA1A4M is designed for use in medium speed switching 
circuit. 
FEATURE @ Bias resistors built in type NPN transistor equivalent circuit. 
C 
-* B 
Ry, =10kQ2 
Ri Ro =10k22 
Ro 3 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature..........0..4. —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Tg = 25 °C) 
Total Power Dissipation. ............. 250 mW 
Maximum Voltages and Currents (T, = 25 °C) 
Vcpo Collector to Base Voltage....... 60 V 
Vceo Collector to Emitter Voltage..... “50 #V 
Vespo Emitter to Base Voltage........ 10 V 
Icipc) Collector Current (DC)......... 100 mA 
lc(pulse) Collector Current (pulse) ....... 200 mA 
ELECTRICAL CHARACTERISTICS (Tg = 25 “C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. — UNIT. 
R; _—_—_s Input Resistance 70100 8K 
Ry/Ro Resistors Ratio: 0.9 1.0 1.1 
VIH Hi Level Input Voltage 0.8 1.1 1.5 V 
VIL Low Level Input Voltage 1.0 1.4 3.0 V 
ton Turn on Time 0.06 0.2 us 
tstg Storage Time 2.0 5.0 us 
toff Turn off Time 2.15 6.0 us 
heey DC Current Gain 35 62 100: - 
hee DC Current Gain 80 230 -- 
VCE(sat} Collector Saturation Voltage 0.05 0.2 V 
IcBO Collector Cutoff Current 0.1 WA 





T9390 


PACKAGE DIMENSIONS 


in millimeters (inches) 





4.2? MAX. 
(0.165 MAX.) 
~~ : 


2 9 MAX. 
(0.086 MAX.) 
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NPN SILICON TRANSISTOR 


BA1A4M 


a . 


a 


ees EES. 


2 aaa t 


—— SEES 





TEST CONDITIONS 


Vee = 5.0 V, Iq = 100 pA 
Vee =O0.2V, 1c =5.0 mA 
Vcc =5.0V, RL =1.0k2 


Vin = 5.0 V, 
\ PW = 2 us, Duty Cycle < 2% 
Vee =5.0V, leo =5.0 mA 
Vce = 5.0 V, le = 50 mA 
Ic = 5.0 mA, Ip = 0.25 mA 
Veep = 50 V, le = 0 






NEC crecrron vevice | BA1A4M 





TYPICAL CHARACTERISTICS (T, = 25 “C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 






AMBIENT TEMPERATURE 


ww 
on 
o 


Free Air 


N 
ui 
© 


PT -— Total Power Dissipation -mW 
Vce—Collector to Emitter Voltage—V 


50 “125150 





Ta Ambient Temperature — °C fal = | 4 8 10: 
VceE—Collector to Emitter Voltage V l¢ — Collector Current- mA 
DC CURRENT GAIN vs. COLLECTOR SATURATION VOLTAGE vs, INPUT VOLTAGE vs. 


COLLECTGH CURRENT > COLLECTOR CURRENT COLLECTOR CURRENT 
| 2.0 50 
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DESCRIPTION The BAIA4P is designed for use in medium speed switching 
circuit. 
FEATURE @ Bias resistors built-in type NPN transistor equivalent circuit. 
4 OC 
| Ry =10kQ2 
Ro =47 kQQ 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. —55to+150°C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Tz = 25 C) 
Total Power Dissipation ...........0805 250 mW 
Maximum Voltages and Currents (Ta = 25 “C) a 
Vespo Collector to Base Voltage....... 60 V 
Veeco Collector to Emitter Voltage..... 50 V 
Veno Emitter to Base Voltage........ 5.0 V 
lcioc) Collector Current (DC)......... 100 mA 
Ic(pulse) Collector Current (pulse) ..... .. 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


SYMBOL CHARACTERISTIC 

Ry Input Resistance 

Ro Input Resistance 

Vin Hi Level Input Voltage 

VIL Low Level Input Voltage 

ton Turn On Time 

tstg Storage Time 

toff Turn Off Time 

hee DC Current Gain 

hfe DC Current Gain 

VCE (sat) Collector Saturation Voltage 
ICBO Collector Cutoff Current 
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NPN SILICON TRANSISTOR 





BA1A4P 







PACKAGE DIMENSIONS 


in millimeters (inches) 







4.2 MAX. 2.2 MAX. 
(0.165 MAX.) (0.086 MAX.) 


= ie 





3.2 MAX. 
(0.125 MAX.) 


12.5 MIN, 
(0.493 MIN.) 









1. EMITTER 
2. COLLECTOR 
3. BASE 


TEST CONDITIONS 


ea ——— 


Vee = 5.0 V, Ic = 100 pA 
Vee =0.2V, 1c =5.0mA 
Veco = 5.0 V, Ry =1.0 ka, 


Vin = 5.0 V, 
\ PW = 2 us, Duty Cycle =< 2% 
Vce = 5.0 V, Ig = 5.0mA 
Vce = 5.0 V, lo =50mA 
Ic = 5.0 mA, Ip = 0.25 mA 
Vcp = 50 V, le =0 





NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


COLLECTOR CURRENT vs. 
TOTAL POWER DISSIPATION vs. COLLECTOR TO EMITTER 
AMBIENT TEMPERATURE VOLTAGE 
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lc —Collector Current—mA 
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NPN SILICON TRANSISTOR 





BATF4N 








DESCRIPTION The BA1FA4N is designed for use in medium speed switching 
circuit. 
FEATURE ® Bias resistors built-in type NPN transistor equivalent circuit. 
m C 
a Ry = 22k2 
Ro =47kQ 
E 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature.............. —55 to +150 °C 
Junction Temperature ..........--. 150 °C Maximum 
Maximum Power Dissipation (Tg = 25 °C) 
Total Power Dissipation.......... a aoe ae 250 mW 
Maximum Voltages and Currents (Tz = 25 °C) 
Vcso Collector to Base Voltage....... .. 60 =V 
Veeq Collector to Emitter Voltage....... 50 V 
Vergo Emitter to Base Voltage.......... 50 6 Vv 
leioc) Collector Current (DC)........... 100 mA 
Ic(pulse) Collector Current (pulse) ......... 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 “C) 


SYMBOL CHARACTERISTIC 
| Ry Input Resistance . 
Ra Input Resistance 
VIH Hi Level Input Voltage 
VoL Low Level Input Voltage 
ton Turn On Time 
tstg Storage Time 
toff Turn Off Time 


heey DC Current Gain 


heres DC Current Gain 


VCE (sat) Collector Saturation Voltage 


IcBo Collector Cutoff Current 
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PACKAGE DIMENSIONS 


in millimeters (inches) 


4.2 MAX. 
(0,165 MAX.) 


SS 
ra 


2.2 MAX. 
(0.086 MAX.) 
a 











3.2 MAX. 
(0.125 MAX.) 


at a 


12.5 MIN. 
(0.493 MIN.) 





| 1.27(0.05) 1.27{0.05) 
age 





1. EMITTER 
2. COLLECTOR 
3. BASE 





TEST CONDITIONS 


Vege = 5.0 V, le = 100 wA 
Vee =0.2V, Ile =5.0mA 

Vec =5.0V, RL = 1.0 kQ, 

Vin =5.0V, 

PW = 2 us, Duty Cycle 5 2% 
Voge =5.0V, Ic =5.0mA 
Vce = 5.0 V, le =50mA 
Ic = 5.0mA, lp = 0.25mA 
Vcg = 50V, Ie =0 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 








PtT- Total Power Dissipation— mW 


Io~ Collector Current—mA 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hee—DC Current Gain 





~10 20 450 100 


Ic —Collector Current —mA 


VCE(sat)~ Collector Saturation Voltage—V 


COLLECTOR CURRENT vs. 
INPUT VOLTAGE 


Ic Collector Current —wA 
tow switching Time — ps 
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Vin~ Input Voltage—V 











COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VELTAGE a 


20 40 £460 8.0 10 
Vce Collector to Emitter Voltage—V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 
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I¢~ Collector Current—mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 
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lc — Collector Current — nA 
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COLLECTOR TO EMITTER 
VOLTAGE vs. COLLECTOR 
CURRENT 





Ic —Collector Current —mA 


INPUT VOLTAGE ves. 
COLLECTOR CU ae ENT 
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195 





E 


ELECTRON DEVICE 

















DESCRIPTION The BA1L4L is designed for use in medium speed switching 
circuit. 
FEATURE @ Bias resistors built-in type NPN transistor equivalent circuit. 
C 
- Ry =47kQ 
Ro = 22k 
VE 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature......... .... —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Tg = 25 °C) 
Total Power Dissipation. ............-. 250 mW 
Maximum Voltages and Currents (Tg = 25 °C) 
Vepo Collector to Base Voltage....... “60 V 
Veeq Collector to Emitter Voltage..... 50) V 
Vepo Emitter to Base Voltage........ im: ¥ 
Ic(pc) Collector Current (DC)......... 100 mA 
Ic(pulse) Collector Current (pulse) ....... 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 C) 





SYMBOL CHARACTERISTIC MIN. 


R4 "Input Resistance 329 
R49 Input Resistance 15.4 

VIH Hi Level Input Voltage 0.9 

VIL Low Level Input Voltage 1.5 

ton Turn On Time 

tstg Storage Time 

toff Turn Off Time 

hFe1 DC Current Gain 

hFeo DC Current Gain 


VCE (sat) Collector Saturation Voltage 


IcBO Collector Cutoff Current 
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| PACKAGE DIMENSIONS 


in millimeters (inches) 








A? MAX. 2.2 MAX. 
(0.165 MAX.) (0.086 MAX. ) 


6 





3.2 MAX. 
(0.125 MAX.) 











1. EMITTER 
2. COLLECTOR 
3. BASE 









Vce = 5.0 V, Ie = 100 pA 
Vee 20.2 V, Ic =5.0mA 
/ Voc= 5.0 V, RL = 1.0 ka, 
| Vi, =5.0V, 

“PW = 2 us, Duty Cycle = 2 % 
Voce =5.0V, Ic =5.0mA 

Voce = 5.0 V, Ic = 50mA 

lc = 5.0 mA, Ip = 0.25 mA 
Vop = 50 V, Ip =0 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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ELECTRON DEVICE 

















DESCRIPTION The BA1L3Z is designed for use in medium speed switching -_ 
7 PACKAGE DIMENSIONS 
GITGUIT. in millimeters (inches) 
4.2 MAX. — 2.2 MAX. 
FEATURE @ Bias resistors built-in type NPN transistor equivalent circuit. —— (0.086 
7 Ry =4.7kQ 
0.4 
(0,016) 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............. —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum 





Maximum Power Dissipation (Tz = 25 °C) 


1L.27(0.05) 1.27(0.05) 











Total Power Dissipation...........00. 250 mW 
Maximum Voltages and Currents (Ta = 25 “C) pa a 
Vespa Collector to Base Voltage....... 60 V 3 
Veeq Collector to Emitter Voltage..... 50 V io 4, EMITTER 
2, COLLECTOR 
Vepo Emitter to Base Voltage........ 50 V 3. BASE 
lceipc) Collector Current (DC)......... 100 mA 
Ic(pulse) Collector Current (pulse) ....... 200 mA 
ELECTRICAL CHARACTERISTICS (T, = 25 ‘C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT _ TEST CONDITIONS 
Ry; —~—sInput Resistance — -329°~C*aA!s—“‘<i«é«~wSSC(‘(CaTSSSC(‘Cs‘SSC*~™S oe 
VIH Hi Level Input Voltage 0.5 0.54 0.6 V Vee =5.0V, Ile =100 uA 
VIL Low Level Input Voltage 0.5 0.71 12 V Voce =0.2V, 1c =5.0mA 
ton Turn On Time 0.03 0.2 Ms Vec=50V, RL =1.0 ka, 
tstg Storage Time 3.2 5.0 us | Wi,7=5.0V, 
toff Turn Off Time 3.4 6.0 us . PW = 2 ps, Duty Cycle < 2 % 
heey DC Current Gain 135 450 600 = Vce = 5.0 V, Ic =5.0mA 
hreee DC Current Gain 100 380 — Voce =5.0V,Ilc =50mA 
VCE (sat) Collector Saturation Voltage 0.04 0.2 V Ic = 5.0 mA, Ip = 0.25 mA 
IcBO Collector Cutoff Current 0.1 uA Veep = 50 V, le =a 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





PtT— Total Power Dissipation—mW 
Ic —Collector Current —maA 


a) 25 50 75 100 125 150 
Ta—Ambient Temperature—°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


hFeE—DC Current Gain 





i aa Medal Saturation Voltage—V 


10. 30 #10 30 100 
I¢—Collector Current—mA 


COLLECTOR CURRENT vs. 
INPUT VOLTAGE 
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NEC PNP SILICON TRANSISTOR 
ELECTRON DEVICE 
BN1L4M 





DESCRIPTION The BN1L4M is designed for use in medium speed switching | | | 7 : 
| PACKAGE DIMENSIONS 


























Circuit. en: | 
in millimeters (inches) 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. (0. 165 MAX.) (0086 MAX) 
C | See 
= 8 | == 
R, =47kQ2 as | 
Ry Ro =47kQ S 
R2 ob, | 
ABSOLUTE MAXIMUM RATINGS =e 
Maximum Temperatures as | 
Storage Temperature ............. —55 to +150 °C ae | 
Junction Temperature ........... 150 °C Maximum ~ 
Maximum Power Dissipation (Tg = 25 °C) | | | 
Total Power Dissipation............-. 250 mW — | 
Maximum Voltages and Currents (T3 = 25 °C) 
Vepo Collector to Base Voltage ....... —60 V 
Veeco Collector to Emitter Voltage..... —50 V | ; 
Vepo Emitter to Base Voltage........ —-10 V | oe 4, EMITTER 
lc(oc) Collector Current (DC)......... —100 mA : - oo | 
lc(pulse) Collector Current (Pulse) ....... —200 mA asemiiamammenia 
ELECTRICAL CHARACTERISTICS (T, = 25 “C) 
SYMBOL CHARACTERISTIC “MIN. TYP. MAX. UNIT ‘TEST CONDITIONS 
Ry Input Resistance | : 32.9 47.0 61.1 Ko 7 | 
R4/Ra Resistors Ratio 0.9 1.0 1.1 - 
VIH Hi Level Input Voltage —0.8 —1.17 —1.5 V Vce = —5.0 V, Ic = —100 wA 
VIL Low Level Input Voltage —1.0 —24 —5.0 V Vee =-0.2 V, Ic =-5.0mA 
ton Turn on Time 0.5 1.0 us / Voc =—-5.0V,RL =1.0k2 
tstg Storage Time 0.8 3.0 Ls Vin = —5.0 V, 
toff Turn off Time 1.4 4.0 us PW =2 us, Duty Cycle <2% 
heey DC Current Gain 85 135 340 = Voce =—5.0 V, Ic =-5.0mA 
hFeE? DC Current Gain | 95 180 — Vce =—5.0 V, lc =—50mA 
VCE (sat} Collector Saturation Voltage —0.05 —0.2 Vv Ic = —5.0 mA, Ip = —0.25mA 
IcBo Collector Cutoff Current —0.1 LA Vcp=—50V, Ile =0 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


TOTAL POWER DISSIPATION vs. 
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NEC | PNP SILICON TRANSISTOR 
ELECTRON DEVICE | 
BN1F4M 














DESCRIPTION The BN1F4M is designed for use in medium speed switching | 
Od PACKAGE DIMENSIONS | 

circuit. in millimeters (inches) ] 

FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. 4.2 MAX. 2.2 MAK. | 


(0.165 MAX.) (0.086 MAX. } 
el a 















32 
‘< <= 
= wis 
Ry = 22kQ2 a 
Ry = 22 kQ - 
| | 
ABSOLUTE MAXIMUM RATINGS | Zé 
Maximum Temperatures | a 
Storage Temperature......... .... —55 to +150 °C = 
Junction Temperature ..........., 150 °C Maximum | | at | 
Maximum Power Dissipation (Tz = 25 “E} . | | | 
Total Power Dissipation. ................ 250 mW h. | 
Maximum Voltages and Currents (Tg = 25 "ie} | 
Vepo Collector to Base Voltage ........ _. 60 V | as BL | 
VceEQ Collector to Emitter Voltage....... —50 V | aly | : - | 
Vepo Emitter to Base Voltage..........—-10 V 3 S$ 4 = aon 
lc(pcy Collector Current (DC) .......... —100 mA 3. BASE | 
Ic (pulse) Collector Current (pulse) ........ . —200 mA 
ELECTRICAL CHARACTERISTICS (Ta : = 25 6) 
SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNIT TEST CONDITIONS _ 
R; _—_ Input Resistance ey eee) ee): ka Oe 
R1/R2 Resistors Ratio 0.9 1.0 1.1 = 
ViH Hi Level Input Voltage —08 —1.17? —1.5 V Vee =—5.0V,Ilc = —100 uA 
VIL Low Level Input Voltage —1.0 —?.0 —4.0 V Voce = 0.2 V, le = 5.0 mA 
ton Turn on Time 0.23 0.5 us Veco =-5.0 V, RL =1.0 ka 
tstg Storage Time 0.8 3.0 us Vin =—5.0V 
toff Turn off Time 1.1 3.5 us PW = 2 us, Duty Cycle 52% | 
hee DC Current Gain 60 85 195 — Vee =—-5.0V,lc=-5.0mA 
hFes DC Current Gain 90 145 — Vce=—5.0V,Ic =—-50mA 
VCE (sat) Collector Saturation Voltage —0.05 —0.2 V Ic = —5.0 mA, Ip =—0.25 mA 
IcBO Collector Cutoff Current —0.1 uA Vcp =—S0V,le=0 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, =25 °C) 


PT — Total Power Dissipation —- mW 
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ELECTRON DEVICE 








DESCRIPTION The BN1A4M is designed for use in medium speed switching 
circuit. 
FEATURE @ Bias resistors built-in type PNP transistor equivalent circuit. 
G 
~ J 
Rj =10kQ 
Ro = 10 k&2 
JE 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. —55 to +150 °C 


Junction Temperature ........... 150 °C Maximum 


Maximum Power Dissipation (Tg = 25 °C) 


Total Power Dissipation.............. 250 mW 
Maximum Voltages and Currents (Tg = 25 °C) 

Vepo Collector to Base Voltage....... -60 V 

Vceo Collector to Emitter Voltage..... —650 V 

Vepo Emitter to Base Voltage........—-10 V 

Icipc) Collector Current (DC)......... —100 mA 

Ic(pulse) Collector Current (pulse) ....... —200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 C) 


SYMBOL CHARACTERISTIC 


Ry Input Resistance 
Ry/Re Resistors Ratio 
VIH Hi Level Input Voltage 
VIL Low Level Input Voltage 
ton Turn on Time 

tstg Storage Time 
toff Turn off Time 
DC Current Gain 
DC Current Gain 


Collector Saturation Voltage 


NFEW 
hFE? 
VCE(sat) 


IcBo Collector Cutoff Current 
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PNP SILICON TRANSISTOR 


BN1A4M 





| a _ ew 


PACKAGE DIMENSIONS 


in millimeters (inches) 













4.2 MAX. | 2.2 MAX. 
(0.165 MAX.) (0.086 MAX.) 
| ef ye 3} 
ou fa | 
+ of eat 
~| 
| 
i —0.4 
(0.016) | 
| Zz 
| 0.4 == 
(0.016) Tew as) 
on 
a | 
a 





1.27(0.05) 1.27(0.05) 


a 1. EMITTER 
, 2. COLLECTOR 
3. BASE 


TEST CONDITIONS 


--—— 


Vege =—5.0V, Ic =—-100 uA 
Vege =—-0.2 V, Ic =—5.0mA 
i Mee =—5.0 V, RL =1.0k2 


| Vin = -5.0V, 

\ PW =2us, Duty Cycle < 2% 
Vee =—5.0V, Ic =—5.0mA 
Voce =—5.0 V, Ic =—50 mA 
Ic = —5.0 mA, Ip = —0.25 mA 
Vcp = —50 V, Ile =0 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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PNP SILICON TRANSISTOR 










BN1A4P 





DESCRIPTION The BN1A4P is designed for use in medium speed switching 
— PACKAGE DIMENSIONS 
circuit. in millimeters (inches) 
4.2 MAX. 2.2 MAX. 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. (0.165 MAX:) (0.086 MAX.) 3 
| fs 
= Cc = 
B § Ry = 10 kQ2 iS 
: : | R> =47kQ < 
| 
| 
c 
ABSOLUTE MAXIMUM RATINGS Fr 
Maximum Temperatures ns 
= 
Storage Temperature ............. —55 to +150 °C a 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
eee 1.27(0.05) 1.27(0.05) 
Total Power Dissipation ..........0s6005 250 mW ; 
Maximum Voltages and Currents (T, = 25 °C) ; 
Vepo Collector to Base Voltage....... —60 V 
| : | | 1. EMITTER 
Veeo Collector to Emitter Voltage..... —50 V 2. COLLECTOR 
| , 3. BASE 
Vepo Emitter to Base Voltage........ -50 V 
lceipc) Collector Current (DC)......... —100 mA 
Ic(pulse) Collector Current (pulse) ....... —200 mA 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC = ~—‘ MIN TYP MAX. UNIT TEST CONDITIONS 
Ry Input Resistance 7.0 10.0 13.0 kal 
Ro Input Resistance 32.9 47.0 61.1 koh 
VIN Hi Level Input Voltage -0.5 —0.68 —0.9 Vce = —5.0 V, Ic = —100 pA 
VIL Low Level Input Voltage —0.6 =1.0 —3.0 Vee = —0.2 V, Ic = -—5.0 mA 
ton Turn On Time 0.08 0.2 Veco = —5.0V, Ry = 1.0 kn, 
tstg Storage Time ae 5.0 Ms Vin = —5.0 V, 
toff Turn Off Time 1.8 6.0 us PW = 2 us, Duty Cycle = 2% 
hFey DC Current Gain 85 140 340 Vee = —5.0 V, lc = —5.0 mA 
hee? DC Current Gain 95 190 Vee = —5.0 V, Ico = —50 mA 
VCE (sat) Collector Saturation Voltage —0.04 —0.2 lc = —5.0 mA, Ip = —0.25 mA 
ICBO Collector Cutoff Current 0.7 uA Vcp =—50V, le =O 
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NE ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tg = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 








P+—Total Power Dissipation — 
on 
o 





150 


125 


0 25 50 75 100 
Tg —Ambient Temperature—“C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 











1000, — - 7 
oO 
og 
= 
o 
| > 
= 300| - 
S g 
— = 
S 2 
= 100;-— an 
rs 5 
oO = 
a 2 
Ww 30 S 
= a 
| 
wh 
10 meee Lil 
-10-20 -50 -10 -20 -50-i00 S$ 
I¢ Collector Current —mA 
COLLECTOR CURRENT vs. 
INPUT VOLTAGE 
— 1000 
< 
a 
= 
S 
5 
o 
= 
S 
Le 


~10] | | | -{ | | | 
0 -0.2 -04 -06 -08 -10 
Vin~ Input Voltage—V 


= 12 


I¢- Collector Current—mA 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 











—6.0 -10 


— 8.0 
Voge Collector to Emitter Voltage—V 


0 -20 -—40 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 


















———— ===: 
= ht 
—_| | | er | 

0.03 | nl 





-0.01 
-1.0 


—10 
ic — Collector Current—mA 


30 


SWITCHING TIME vs. 
COLLECTOR CURRENT 












5.0 TTT 
— at Vin =—-5V | 
—jttiiiti | veco=—5 v | 
1 | tery | PW=2 us 
2.0}——_+ bp test 


| Duty Cycle =2 %) 


| | Lidl 





oS 
in 


~~ 


3.0 





—30 
Ic: ‘Collector Current —mA 


10 


—Input Voltage—V 


Vin 





Voce Collector to Emitter Voltage—V 


BN1A4P 





COLLECTOR TO EMITTER 
VOLTAGE vs "COLLECTOR 
CURRENT 


-60 —80 —100 


=40 ~ 
le Collector Current—mA 


INPUT VOLTAGE vs. 
COLLECTOR CURRENT 
30 —- 





re 


30 
I¢—Collector Current—mA 


10 


S07 


EF 


ELECTRON DEVICE 









DESCRIPTION The BN1F4N is designed for use in medium speed switching 
circuit. 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. 
. C 
. Ry =22kQ 
Ro = 47 kQQ 
E 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature .............. —55 to +150 °C 
Junction Temperature ............ 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation. ...........06. 250 mW 
Maximum Voltages and Currents (T, = 25 °C) 
Vcspo Collector to Base Voltage...... .. -60 V 
Veeq Collector to Emitter Voltage...... —-50 V 
Vepo Emitter to Base Voltage......... —-50 V 
lc(oc) Collector Current (DC).......... —100 mA 
Ic(pulse) Collector Current (pulse) ........ —200 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL CHARACTERISTIC 





Ry Input Resistance | 15.4 22.0 28.6 kQ 
Ro Input Resistance 32.9 47.0 61.1 ko 
VI Hi Level Input Voltage —0.6 —0.85 —1,.2 V 
VIL Low Level Input Voltage —O.7 —~1.3 —3.0 V 
ton Turn On Time 0.2 0.3 MS 
tstg Storage Time 1.5 5.0 us 
loff Turn Off Time 2.0 6.0 us 
heey DC Current Gain 85 150 340) - 
hee? DC Current Gain 95 200 ~ 
VCE(sat) Collector Saturation Voltage —0.04 =0.2 V 


ICBO Collector Cutoff Current —0.1 uA 
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PNP SILICON TRANSISTOR 


UNIT 








BNITF4N 





aan 







PACKAGE DIMENSIONS 


in millimeters (inches) 






2.2 MAX. 
(0.086 MAX.) 


4.2 MAX. 
(0.165 MAX.) 
, “6 








3.2 MAX. 
(0.125 MAX.) 







12,5 MIN, 
(0.493 MIN.) 









1. EMITTER 
2. COLLECTOR 
3, BASE 










TEST CONDITIONS 






Vee =-5.0 V, lc =—-100 uA 
Voce =—-0.2V, Ic =—5.0mA 

Vcc = —5.0 V, Ry = 1.0 ka, 

Vin =—5.0V, 

PW = 2 us, Duty Cycle = 2% 
Vce = —5.0 V, Ic =—5.0 mA 
Vce =—5.0 V, Ic = —50 mA 

Ic = —5.0 mA, Ip = —0.25 mA 
Veg =—50V, le =0 





















NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


PT —Total Power Dissipation — mW 


hee —DC Current Gain 


Ic -Collector Current— A 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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~=10 
Ic —Collector Current—mA 


COLLECTOR CURRENT vs. 
INPUT VOLTAGE 





Vin — Input Voltage—V 


—50 —100 


I¢ Collector Current—mA 


VCE(sat) Collector Saturation Voltage—V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 








-4.0 -60 -80 -10 
Voce Collector to Emitter Voltage—V 


COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR 
CURRENT 























-10-20 -50-10 -20 
Ic Collector Current -mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 
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COLLECTOR TO EMITTER 
VOLTAGE vs. COLLECTOR 
CURRENT 
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ELECTRON DEVICE 












DESCRIPTION The BN1L4L is designed for use in medium speed switching 
circuit. 
FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. 
7 Ry =47kQ 
Ro = 22 kid 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures. 
Storage Temperature............. —55to+150°C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 
Total Power Dissipation.............. 250 mW 
Maximum Voltages and Currents (Tg = 25 °C) 
Vcro Collector to Base Voltage....... “=60 V 
VceQo Collector to Emitter Voltage..... -50 V 
Vergo Emitter to Base Voltage ........ —-15 V 
lc(pc) Collector Current (DC)........ .-100 mA 
Ic(putse) Collector Current (pulse) ....... —200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 ‘C) 





SYMBOL CHARACTERISTIC 
R4 — Input Resistance 

Ra Input Resistance 

Vi Hi Level Input Voltage 
VIL Low Level Input Voltage 


ton Turn On Time 


tstg Storage Time 


toff Turn Off Time 
heed DC Current Gain 
hree2 DC Current Gain 
VCE (sat) Collector Saturation Voltage 
ICBO Collector Cutoff Current 
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PNP SILICON TRANSISTOR 





BNIL4L 






PACKAGE DIMENSIONS 


in millimeters (inches) 


4.2 MAX. | 2.2 MAX. 
(0.165 MAX. ) (0.086 MAX.) 















(0.125 MAX.) 







12.5 MIN. 
(0.493 MIN.) 









1. EMITTER 
2. COLLECTOR 









TEST CONDITIONS 


Vce = —5.0 V, le =—100 nA 
Vee =—-9.2V, lc =—-5.0mA 

Voc = —5.0 V, RL =1.0kQ, 

Vin = —5.0 V, 

PW = 2 us, Duty Cycle <2? % 
Vce =—5.0 V, Ic =—-5.0 mA 
Vee =—5.0 V, Ice = —50 mA 
lc = —5.0 mA, Ip = —0.25mA 
Vcp =—50 V, Ile =0 





NEC ctecrron pevice | . - a BNIL4L 





TYPICAL CHARACTERISTICS (T, = 25 °C) 


COLLECTOR CURRENT vs. COLLECTOR TO EMITTER 
TOTAL POWER DISSIPATION vs. COLLECTOR TO EMITTER VOLTAGE vs. COLLECTOR 
AMBIENT TEMPERATURE VOLTAGE CURRENT 


Ic — Collector Current —mA 





P7—Total Power Dissipation - mW 
Vce~ Collector to Emitter Voltage —V 





0 25 50 75 100 oS 150 | 
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ELECTRON DEVICE 








The BN1L3Z is designed for use in medium speed switching 


DESCRIPTION 


circuit. 





FEATURE @ Bias resistors built-in type PNP transistor equivalent circuit. 
C 
: R, =4.7kQ 
ABSOLUTE MAXIMUM RATINGS : 
Maximum Temperatures 
Storage Temperature ..........-.5- —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Tz = 25 °C) 
Total Power Dissipation. ........-..8. . 250 mW 
Maximum Voltages and Currents (T, = 25 °C) 
Vcgo Collector to Base Voltage....... —60 V 
Veeo Collector to Emitter Voltage..... —50 V 
Vepo Emitter to Base Voltage........ —-5.0 V 
Icioc) Collector Current (DC). ........ —100 mA 
lc(pulse) Collector Current (pulse) ....... —200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





SYMBOL CHARACTERISTIC 
R4 - ‘Input Resistance | 

VIH Hi Level Input Voltage 

VIL Low Level Input Voltage 
ton Turn On Time 

tstg Storage Time 

toff Turn Off Time 

heey Dc Current Gain 

hrFe2 DC Current Gain 

VCE (sat) Collector Saturation Voltage 


ICBO Coilector Cutoff Current 
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PNP SILICON TRANSISTOR 


BN1L3Z 


PACKAGE DIMENSIONS 


in millimeters (inches) 



















4.2 MAX. 9.2 MAX. 
(0.165 MAX.) (0.086 MAX.) 
a s 
6 3 
v8 
6 "Ss 
0.4 
(0.016) 
22 
0.4 ~ £ 
0.016) in” 
ae 
= 
1.27(0.05) 1.27(0.05) 
723 
ae 
3 3 1. EMITTER 
2, COLLECTOA 


3. BASE 








TEST CONDITIONS 


Vce = —5.0 V, Ile =-—100 uA 
Vce = —0.2 V, le =—5.0mA 

Voc = —5.0 V, RL = 1.0 ka, 

Vin = —5.0 V, 

PW = 2 us, Duty Cycle S 2% 
Vce = —5.0 V, Ic = —5.0mA 
Vce = -5.0 V, Ic = —50 mA 
lc = —5.0 mA, lp = —0.25mA 
Veg =—50 V, le =0 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


a tad 
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I¢ —Collector Current—mA 


COLLECTOR CURRENT vs. 
iach VOLTAGE 


Ic —Collector Current — vA 
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BN1L32Z 





COLLECTOR TO EMITTER 
VOLTAGE vs. COLLECTOR 
CURRENT 





I¢—Collector Current —mA 


INPUT VOLTAGE vs. 
COLLECTOR CURRENT 
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ELECTRON DEVICE 


DESCRIPTION The JE5400 is designed for general purpose applications 
requiring high Breakdown Voltages. 
FEATURES ® High Collector-Emitter Breakdown Voltage. 


VcEO > —140 V (@ le = 1.0 mA) 
® Complements to NPN Types JE5550. 
®@ JE5400 Electrically Similar to 2N5400. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


PNP SILICON TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25 ‘C) 


a 


as 
| SYMBOL 





Storage Temperature 
Junction Temperature 


2.8 8# @ @ 0D 2 2 8 


Maximum Power Dissipation (Ta = 25 °C) 


—55 to +150 °C 
150 °C Maximum 


Total Power Dissipation..............350mW 
Maximum Voltages and Currents (Ta = 25 °C) 

Vepo Collector to Base Voltage ........ —160 V 

Vceo Collector to Emitter Voltage...... —140 V 

Vepo Emitter to Base Voltage......... -6.0 V 

le Collector Current............ —600 mA 

lp Base CANON Ess 5 ihe eee ee es ~—300 mA 


a 








CHARACTERISTIC TYP. MAX. UNIT 
hFe DC Current Gain 7 40 — 180 _ 24 
hee? DC Current Gain 50 200 400: - 
| hFe3 DC Current Gain 20 70 - 
| ton Turn-on Time 0.1 us 
toff Turn-off Time 0.2 bs 
tstq Storage Time 0.1 us 
fT Gain Bandwidth Product 50 80 MHz 
Cob Output Capacitance 2.5 5.0 pF 
IcBO Collector Cutoff Current —100 nA 
lEBO Emitter Cutoff Current —100 tA 
VBE Base to Emitter Voltage —700 — 750 mV 
VCE(sat)1 Collector Saturation Voltage —0.12 —0.4 V 
VCE(sat)2 Collector Saturation Voltage —0.5 —0.8 V 
VBE (sat) 1 Base Saturation Voltage =—O.75 1,0 V 
VBE (sat)2 Base Saturation Voltage —0.8 —1,0 V 





Classification of heeo 







Test Conditions : 
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aA | 8B 


100 — 300 


Vce = —5.0V, Ic =-10mA 





————————— 





JE5400 





ee 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 
TR cient 







9.5 
(0.216 MAX.) 


-o 
25 
£ 


SS 


42 MAX. - 12.7 MIN 
(0.5 MIN.) 


1.77 MAX 
1(0.069 MAX.) 


x 

<< 

= 

re 

41 
1. EMITTER EIAJ +: SC-43B 
2. BASE JEDEC : TO-92 
3, COLLECTOR IEC : PA33 















TEST CONDITIONS 
VcE =—5.0 V, Io =—1.0mA 
Vce =—5.0 V, lc =—-10mA 
Vee =—-5.0V, lc =—-50mA 


Ic = —100 mA 
—lp1=!po=—-10mA 


Vee =—10V,le=10mA 
Vep = —-10 V, Ie = 0, f = 1.0 MHz 
Vcp =—160V,le =0 
Vep=—6.0V,Ic=0 

Vce =—5.0V,Ic¢ =—-10mA 
lc = —10 mA, lp = —1.0 mA 

Ic = —50 mA, Ip = —5.0mA 
Ic =—10 mA, lp =—1.0mA 








NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


ia ~Base Saturation Voltage—V 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


1.0 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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JE5400 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





Voge Collector to Emitter Voltage: V 
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ELECTRON DEVICE 





DESCRIPTION The JE5401 is designed for general-purpose applications 
requiring high Breakdown Voltages. 


FEATURES. @ High Collector-Emitter Breakdown Voltage. 
Vceo > —160 V (@ Ic = —1.0 mA) 
® Complements NPN Types JE5551. 
ik ® JE5401 Electrically Similar to 2N5401 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature .......... —55 to +150 °C 

Junction Temperature ........ 150°C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 

Total Power Dissipation .............. 350 mW 
Maximum Voltages and Currents (Ta = 25 -C) 

Vecpo Collector to Base Voltage ........ —180 V 

Vceo Collector to Emitter Voltage....... —160 V 

Vepo Emitter to Base Voltage ......... —6.0 V 

Ic Collector Current............ —600 mA 

lp Base Current...............  —300MA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAA. WNIT 


ae 











hFe4 DC Current Gain oo "'300~C*té«=éTIBNs—<i‘SOSOSCSH 


hFE2 DC Current Gain 50 200 400 = 
hFee3 DC Current Gain 20 70 = 
ton Turn-on Time 0.1 Us 
toff Turn-off Time 0.2 us 
tstg Storage Time 0.1 Ls 
a Gain Bandwidth Product 50 80 MHz 
Cob Output Capacitance 2.5 5.0 pF 
ICBO Collector Cutoff Current —100 nA 
leno Emitter Cutoff Current — 100 nA 
VBE Base to Emitter Voltage —700 —750 mV 
VCE (sat) 1 Collector Saturation Voltage —0.12 —0.4 V 
VCElsat)2? Collector Saturation Voltage —0.5 —0.8 V 
VBE(sat)1 Base Saturation Voltage —0.75 —1.0 V 
V 


VBE(sat)2 Base Saturation Voltage —0.8 —1.0 








Test Conditions : Vcge =—5.0 V, lc =—10mA 
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VCE =—5.0V,Ic=-—1.0mA 
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PNP SILICON TRANSISTOR 


JE5401 


— a 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) - 


1 
| 
1 


SE 








~ =< 
<5 
in = 
wo 
= 
Zz > 
= = 
is 
2.54 + 
(0.10) 
1.27 
(0.05) 





i MAX 
(0.165 MAX.) 


1. EMITTER ElIAJ : SC-43B 
2. BASE JEDEC : TO-92 
3. COLLECTOR IEC : PASS 








ee 



















TEST CONDITIONS 


Vee =—-5.0V, lc =—10mMmA 
Vee =-5.0 V, Ic =—5OmA 


Ic = —100 mA 
—Ip1 = Ip2= —10 mA 


Vee =—10V,leE=10mA 
Vcp = —10 V, Ig =0, f = 10 MHz 
Veep =—180V,leE=0 

Veg =—-6.0V,Ilc=0 

Vege =—5.0V,lc=—-10mA 

Ic =—10 mA, lp =—1.0mA 

Ic = —50 mA, Ip = —5.0 mA 

Ic = —10 mA, lp = —1.0mA 
Ic = —50 mA, Ip = —5.0 mA 


a 














NEC ELECTRON DEVICE JE5401 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


TOTAL POWER DISSIPATION vs. 


COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


COLLECTOR TO EMITTER VOLTAGE 
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DESCRIPTION The JE5550 is designed for general-purpose applications 
PACKAGE DIMENSIONS 


in millimeters (inches] 


requiring high Breakdown Voltages. 


FEATURES @ High Collector-Emitter Breakdown Voltage. . 
Vceo > 140 V (@ Ic = 1.0 mA) | 

® Complements to PNP Types JE5400. | 

e JE5550 Electrically Similar to 2N5550. 


5.2 MAX. 
(0.204 MAX.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 






~ 5.5 MAX. 
(0.216 MAX.) 
















Storage Temperature .......... —55 to +150 °C TTT os 
Junction Temperature ........ 150 °C Maximum | I | (0018) |2Z 
Maximum Power Dissipation (Tg = 25 °C) T WH 1 = wo 
Total Power Dissipation. ............. 350 mW 254 Th | s oe 
Maximum Voltages and Currents (Ta = 25 °C) Aa co : 3S 
Vero Collector to Base Voltage ......... 160 V (0,05) —=_- a 
Vceo Collector to Emitter Voltage....... 140 V - Lf : 
Vego Emitter to Base Voltage .......... 6.0V vs 
Ie Collector Curfent. 2... 060025055. 600 mA <—____t © 
Ip Base CUISNE «so sac ee eg hey ~=300MA | «4 eutter Silk ¢ eee 
2. BASE JEDEC : TO-92 
3. COLLECTOR IEC >: PASS 
ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC MIN. TTF, MAM. UNIT TEST CONDITIONS 
a DC Current Gain 40 190 a Vce= 5.0V, 1c =1.0mA 
hFe DC Current Gain 50 200 400 _ Vce = 5.0 V, ic = 10mA 
hFEe3 DC Current Gain 20 160 = Vee =5.0V, lc =50mA 
ton Turn-on Time | 0.3 Bs 
toff Turn-off Time 0.4 ies wait — ‘Wins 
tstg Storage Time 0.2 is 
fr Gain Bandwidth Product 50 110 MHz Vce = 10 V, le = —-10mA 
Cob Output Capacitance 2.2 5.0 pF Veg =10V, le = 0, f = 10 MHz 
ICBO Collector Cutoff Current 100: nA Vcp = 160 V, Ile =0 
lEBO Emitter Cutoff Current 100: nA Veg =6.0V,i¢c =0 
VBE Base to Emitter Voltage 680 750 mV Vce = 5.0 V, Ice = 10mA 
VCE (sat}1 Collector Saturation Voltage 0.06 0,15 V lc = 10 mA, ip =1.0mA 
VCE (sat)2 Collector Saturation Voltage 0.09 0.3 V lc = 50 mA, lp =5.0mA 
V 





VBE (sat)1 Base Saturation Voltage 0.7 1.0 | Ic =10mA, ip =1.0mMA 
VBE (sat)2 Base Saturation Voltage 0.8 1.0 V Ic = 50 mA, Ip = 5.0mA 
Classification of hre2 

Rank ae 7 ee B 
50-150 | 100-300 
Test Conditions: Vee =5.0V,le=10mA 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


Py—Total Power Dissipation -W 


— Base Saturation Voltage—V 


Ic ~ Collector Current —mA 


0.01 uti nt 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





0 4 ar a 
oe ‘Ambient Temperature—°C 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





05 
VBE(sat)~ Base Saturation Voltage—V 


06 0.7 08 O09 #10 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Vce-—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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Ic Collector Current—mA 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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le — Emitter Current—mA 
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Cip~ Input Capacitance— pF 


VCE(sat) Collector Saturation Voltage—V 


lc —Collector Current —mA 


JE5550 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





Vce—Collector to Emitter Voltage-V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


Cob ~ Output Capacitance - pF 
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I¢~ Collector Current—mA 
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INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 


50 100 200 500 1000 


1 2 ae 


Vcp-Collector to Base Voltage—V 
Vep—Emitter to Base Voltage-V 
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DESCRIPTION 


FEATURES 


ELECTRON DEVICE 







The JE5551 is designed for general-purpose applications 


requiring high Breakdown Voltages. 


® High Collector-Emitter Breakdown Voltage. 


Vceo > 160 V (@ Ic = 1.0 mA) 
® Complements to PNP Type JE5401. 
® JE5551 Electrically, Similar to 2N5551. 


ABSOLUTE MAXIMUM RATINGS 





Maximum Temperatures 
storage Temperature ..........:. 
Junction Temperature 

Maximum Power Dissipation (Tg = 25 °C) 
Total Pawer Dissipation 


Maximum Voltages and Currents (T; = 25 C) 


: * #« 2 hb flUdlUlUlOe 


Vespo Collector to Base Voltage .... 
Vceo Collector to Emitter Voltage . . 
Veeo Emitter to Base Voltage ..... 
lc Collector Current.......... 
lp BSG CUTONER sew a ee Ho aes ; 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
| SYMBOL CHARACTERISTIC _ MIN, | | TYP 
hFe4 DC Current Gain So 40 190 
| hfe? DC Current Gain 50) 200 
| hres DC Current Gain 20 160 
| ton Turn-on Time 0.3 
toff Turn-off Time 0.4 
| tstg Storage Time 0.2 
| fT Gain Bandwidth Product 50 110 
| Cob Output Capacitance 2.2 
IcBa Collector Cutoff Current 
lEBO Emitter Cutoff Current 
VBE Base to Emitter Voltage 680 
VCE(sat)i1 Collector Saturation Voltage 0.06 
VCElsat}2 Collector Saturation Voltage 0.09 
VBE(sat)1 Base Saturation Voltage 0.7 
VBE(sat)2 Base Saturation Voltage 0.8 





Classification of hFeg 






Test Conditions 
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Trek [| A [8 
[Range | 60-150 | 100-200 | 


> Vee =5.0 V, 1lc=10mA 









a C | | 
200 — 400 


—55 to +150 °C 


150 °C Maximum 


a «¢ © &£ © & 
* © #*® & 8 © 
=. = # 8 © & 
ce = & 8 #8 


5.0 
100 
100 
750 
0.15 
0.3 
1.0 
1.0 


NPN SILICON TRANSISTOR 


JE5551 





in millimeters (inches] 


5.2 MAX. 
(0.204 MAX.) 


a 





PACKAGE DIMENSIONS 
5c >< 
<5 
um 2 
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> 
oust 
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ie 
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2. BASE JEDEC : TO-9? 
3. COLLECTOR IEC :PASZ 
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ts 


us 
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__TEST CONDITIONS 
VcE = 5.0 V, Ic = 1.0mA 
Vce =5.0V,Ilc=10mA 


VceE =5.0V,Ilc =50mA 


I¢ = 100 mA 
Ip, =—lpa=10mA 


Vce = 10 V, le =—10mA 
Vcp = 10 V, Ile = 0, f = 1.0 MHz 
Vcp = 180V,le =0 

Veep =6.0V,lc=0 

Vce =5.0V, Ic =10mA 

lc = 10 mA, lp =1.0mA 

Ic = 50 mA, lp =5.0mA 

lc = 10mA, lg =1.0mA 

lc = 50 mA, |p=5.0mMA 


= 














VBE(sat)~ Base Saturation Voltage—V 


NEC ELECTRON DEVICE | | J E5 5 5 1 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 










Py~—Total Power Dissipation—W 
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ELECTRON DEVICE 





DESCRIPTION The JE7001 is an NPN silicon epitaxial transistor intended 
for use as VHF and UHF oscillators and a VHF mixer ina 
tuner of a TV réceiver. 

The device features stable oscillation and small frequency 

_ drift against any change of the supply voltage and the 


ambient temperature, - 


FEATURES ® High gain bandwidth product; 
f>=1 100 MHz TYP. 
® Low collector to base time constant: 
Ce‘lh'p=10 ps TYP. 
@ Low output capacitance; 
Cop=1.5 pF MAX. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures i 
Storage Temperature............ —§5 to +150 °C 
Junction Temperature ......... +150 °C Maximum 


Maximum Power Dissipation (Ta = 25 ~C) 


Total Power Dissipation ..............5 400 mW 
Maximum Voltages and Currents (Ta=25 ~C) 

Vcpo’ Collector to Base Voltage........ 30 V 

Vceo Collector to Emitter Voltage...... 15 V 

Vepo Emitter to Base Voltage......... 4.0 V 

lc Ballector LUMENE i552 5 sa tha Se 50 mA 

lp Base COME. care nee Se ale 3% 10 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 “C) 


SYMBOL CHARACTERISTIC MIN, TYP. MAX, UNIT 
AEE DC Current Gain 60 100 270 

fr Gain Bandwidth Product 800 1 100 MHz 
Cob Output Capacitance 1.5 pF 
Ce: lb'b Collector to Base Time Constant 10 15 ps 
VCE (sat) Collector Saturation Voltage 0.5 V 


IcBO Collector Cutoff Current 0.1 uA 


Classification of hee 





hre Test Conditions: VceE=10 V, Ilc=5.0mA 
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/ NPN SILICON TRANSISTOR 


JE70O01 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2MAX, 
(0.204MAX_,) 


P 






5. SMA 
(0.216MAX.) 


: | 
= 
im 


(0.5MIN.) 


12.7MIN, 


2.04 
(0,101 
1.27 
(0.05) / 


1.7 7MAx 
es 


4.7 MAX, 
(0.165MA%,) 


1, BASE EIAJ : SC-43B 
2. EMITTER JEDEC : TO-92 
3. COLLECTOR IEC : PASS 





TEST CONDITIONS 


Vce=10 V, Ic=5.0 mA 
Vce=10 V, le=—5.0 mA 

Vcp=10 V, le=0, f=1.0 MHz 
Vce=10 V, le=—5.0 mA, f=31.9 MHz 
Ic=10 mA, Ig=1.0 mA 

Vcp=12 V, le=0 





NEC ELECTRO 


N DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT 
vs. EMITTER CURRENT 
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OUTPUT CAPACITANCE vs. 
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Vcp —Collector to Base Voltage—V 


TYPICAL CHARACTERISTICS of “Y” PARAMETERS 


INPUT ADMITTANCE (yj,) 
vs. FREQUENCY 


Zib —Input Conductance —mS 

ae | 
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J E700 1 | | | NEC ELECTRON DEVICE 
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NEC / NPN SILICON TRANSISTOR — 
ELECTRON DEVICE J ES O 5 O 








DESCRIPTION The JE8050 is designed for use in 2 W output amplifier of — | | 
PACKAGE DIMENSIONS 


portable radios in class B push-pull operation. 





' in millimeters (inches) 
FEATURES ® High total power dissipation. (Py : 2.0W, Tc =25 °C) 5.2 MAX. 
® High collector current. (Ic : 1.5 A) (0.204 MAX.) 


® Complementary to JE8550. 


ABSOLUTE MAXIMUM RATINGS - 


Maximum Temperatures 
Storage Temperature........ .~65 to +150  & 
Junction Temperature. ..... +150 °C Maximum 
Maximum Power Dissipations 
Total Power Dissipation (Ta=25 °C) ..... 1.0 W 


Transistor mounted on printed circuit board, 
max. lead length 4 mm, mounting pad for collector lead min. 
10 mm x 10mm. 


(0.216 MAX.) 










/ 


(0.5 MIN.) 


1.77 MAX 
(0.069 MAX. 


| ir an Ge 
Total Power Dissipation (Tc=25°C).... 20W se 
| 2S 
Thermal Resistance (Ta=25 °C) 3 | : |= = 
ie irs) 
(Junction to Ambient) . . .156.25 C/W If 
| 


Maximum Voltages and Currents (Ta=25 °C) 


| 1, EMIT rT 
Vepo Collector to Base Voltage...°... 40 V ITTER EIAJ : SC-43B 


2. BASE JEDEC : TO-92 


Veeo Collector to Emitter Vcltage..... 25 V 3. COLLECTOR IEC : PA33 
Veso Emitter to Base Voltage........ 6.0 V 
Ic Collector Current: «4 eee es eles . LOA 
lp Base Current. .......«.....-0B84 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


aa CS ee, 














a 


——— $s ae — aoe 





eS z —— 








SYMBOL CHARACTERISTIC ~~ -MIN. TYP. MAX. —_UNIT - TEST CONDITIONS 
hee? «DC CurrentGain t—“‘i‘s—s~s~s~*=C«SS 135 VG EHT.OV,I¢=5.0mMA 
| HeEQ DC Current Gain 85 160 300 _ Vce=1.0 V, l¢=100 mA 
| hFEe3 DC Current Gain 40 110 = Vce=1.0 V, 1c=800 mA 
| tT Gain Bandwidth Product | 100 190 MHz Vce=10 V, lc =50 mA 
| Cob Output Capacitance 9.0 pF Vcp=10 V, le=0, f=1.0 MHz | 
| IcBo Collector Cutoff Current 100 nA Vcp=35 V, le=0 | 
| lEBO Emitter Cutoff Current 100 nA Vep=6.0 V, Ilc=0 | 
VBE Base to Emitter Woltage 0.66 1.0 V VcE=1.0 V, Ic=10mMmA 
VCE (sat) Collector Saturation Voltage 0.28 0.5 V Ic=800 mA, |p=80 mA 
VBE (sat) Base Saturation Voltage 0.98 1.2 V Ic =800 mA, Ip=80 mA 
| BVcBO Collector to Base Breakdown Voltage 40 V Ic =0.1 mA, IE=0 | 
BVCcEO Collector to Emitter Breakdown Voltage 25 V Ic=2.0 mA, Ip=0 | 
BVEBO Emitter to Base Breakdown Voltage 6.0 Vv le =0.1 mA, Ie=0 | 


Classification of hres 








| Rank | B |  c¢ |: o | 
Ran — | = = I 
ange 85 160 | 120 - 200 it _160 - 300 ; 








hee Test Conditions : Veg =1.0 V, Ic =100 mA 
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JE8050 | NEC trectron vevice 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


COLLECTOR CURRENT vs. 
TOTAL POWER DISSIPATION COLLECTOR TO EMITTER 
vs. AMBIENT TEMPERATURE SAFE OPERATING AREA VOLTAGE 


” =e eet ah PSHE duty cycles2 2 %| 
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NEC ELECTRON DEVICE 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 


] | | 1 | , ii} 1 
aet ry itil 1 | i] 
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VBE(sat) —Base Saturation Voltage —V 


0.01 
l¢ —Collector Current—A 


0.0001 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 
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ic —Collector Current—mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 





Noe — Output Admittance —uS 
ff —Gain Bandwidth Product—MHz 


es 
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vs. COLLECTOR CURRENT 
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i¢ —Collector Current—mA 


GAIN BANDWIDTH PRODUCT 
vs. COLLECTOR CURRENT 


240 

















ic —Collector Current—mA 


hre—Voltage Feedback Ratio—X10~4 


Coh—Output Capacitance — pF 


JE8050 





VOLTAGE FEEDBACK RATIO 
vs. COLLECTOR CURRENT 





3.0 
Ic —Collector Current—mA 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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Vcg—Collector to Base Voltage—V 
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ELECTRON DEVICE 


DESCRIPTION The JE8550 is designed for use in 2 W output amplifier of 
portable radios in class B push-pull operation. 
FEATURES @ High total power dissipation. (Py : 2.0 W, Tc =25 °C) 


® High collector current. (Ic : ~1.5 A) 
® Complementary to JE8050. 


ABSOLUTE MAXIMUM RATINGS 

Maximum Temperatures 
—65 to +150 °C 
+150 °C Maximum 


Storage Temperature 
Junction Temperature 
Maximum Power Dissipations 


2 5 # 5 #® ® * © #8 8 & 








Total Power Dissipation (Ta=25 °C)........ 1.0 W 

Transistor mounted on printed circuit board, max. lead 

length 4 mm, mounting for collector lead min. 10 mm x 

10 mm. 

Total Power Dissipation (Te =25 °C) ....... 2.0 W 

Thermal Resistance (Ta=25 “C) 

(Junction to Ambient) ........ 156.25 °C/W 
Maximum Voltages and Currents (Ta=25 °C) 

Vcso Collector to Base Voltage ......... --40V 

VcEO Collector to Emitter Voltage ....... —25V > 

VeBO Emitter to Base Voltage .......... —6.0V 

Ic Collector Current .......05.000505 —1.5A 

lp Base LANTENE Pan's Gane ge ew wets ea5 —0.5A 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC _ MIN TYP. MAX. a UNIT 
[heey ~=«DCCurrentGain tits 45 170  — 
| hee? DC Current Gain 85 160 300 = 
| heEe3 DC Current Gain 40 30 _ 
| fT Gain Bandwidth Product 100 200 MHz 
| Cob Output Capacitance 15 pF 
| IcBo Collector Cutoff Current —100 nA 
| lEBO Emitter Cutoff Current —100 nA 
VBE Base to Emitter Voltage —0.66 —1.0 V 
| VCE(sat) Collector Saturation Voltage —0.28 —0.5 V 
| VBE (sat) Base Saturation Voltage —0.98 —1.2 V 
| BVcBO Collector to Base Breakdown Voltage —40 V 
| BVcEO Collector to Emitter Breakdown Voltage —25 V 
BV ERO —6.0 V 


Emitter to Base Breakdown Voltage 


a 





Classification of hres 
 - e Cc 


Rank 
| Range | 


hee Test Conditions : 








[© 
120—200 | 160—300 | 


| 
~ a 


85-160 | 





Vce=-1.0 V, I¢=-100 mA 
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3. COLLECTOR 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
_ (0.204 MAX.) — 
ae 


~ 
<< 
= 
wor 
a 
Ow 
= 


(0.5 MIN.) 


(0.165 MAX.) 


EMITTER 
BASE 


EIAJ SC-43B 
JEDEC: TO-92 
IEC PASS 


TEST CONDITIONS 

~ VCE=-1.0 V, I¢=-5.0 mA 
VcE=—1.0 V, Ic =-100 mA 
Vce=—-1.0 V, lc=—800 mA 
Vce=-10 V, Ic=-50 mA 
Vcp=-10 V, le=0, f=1.0 MHz 
Vcp=—35 V, Ile=0 
Vep=—6.0 V, Ic=0 
VcE=-1.0 V, Ic=-10 mA 
lc =-800 mA, lp =—80 mA: 
Ic =—-800 mA, Ip=—-80 mA 
lc=-0.1 mA, IE =0 
Ic=—2.0 mA, Ip=0 
leE=—0.1 mA, Ic =0 
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NEC ELECTRON DEVICE 


W 


Total Power Dissipation 


Pr 


TYPICAL CHARACTERISTICS (Ta=25 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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hg —Small Signal Current Gain 


Output Admittance — uvS 
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BASE SATURATION VOLTAGE vs. 
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DESCRIPTION The JE9011 is designed for use in AM converter, AM/FM 
IF amplifier and general purpose amplifier. PACKAGE DIMENSIONS 
in millimeters (inches) 
FEATURES @ High total power dissipation. (Pz : 400 mW) . Peni ad | 
| eae 
ABSOLUTE MAXIMUM RATINGS. | 7 
Maximum Temperatures e 
Storage Temperature ........... —55 to +150 °C ni 
Junction Temperature ........ +150 °C Maximum - 
Maximum Power Dissipation (Ta=25 °C) z 
Total Power Dissipation ................ 400 mW x - 
Maximum Voltages and Currents (Ta= 25 °C) a 7 
Vcspo Collector to Base Voltage ...... Se ae, SL S 
Vceo Collector to Emitter Voltage ........ 30 V | Fe 
Veso Emitter to Base Voltage ........... 5.0 V yy = 2 
Ic Collector Current.............-. ... 30mMA fe Ss 
lp Base Current .........0... P Bn ak 10 mA 1. EMITTER EIAJ :S$C-43B 


2. BASE JEDEC : TO-92 
3. COLLECTOR IEC : PASS 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 






SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS 
hee DC Current Gain 28 90 198 = Vee =5.0 V, lc=1.0 mA 
Cob Output Capacitance 1.5 pF Vcg=10 V, le =0, f= 1.0 MHz 


Vee =5.0 V, lc =1.0 mA, 


NEF Noise Figure Ft 4.0 dB Rg =500 2, f= 1.0 MHz 
fy Gain Bandwidth Product 150 370 MHz Vce=5.0 V, Ic =1.0 mA 
IceBa Collector Cutoff Current 100 nA Vcp 750 V, lp =O 

lEBa Emitter Cutoff Current 100 nA Veg=5.0 V, ic=0 

VBE Base to Emitter Voltage 0.65 0.70 0.75 W Vce=5.0 V, Io =1.0 mA 
VCE (sat) Coilector Saturation Voitage. 0,08 0.3 VW lc =10 mA, lp=1.0 mA 
BYVCBO Collector to Base Breakdown Voltage 50 V Ic=0.1 mA, IE=0 
BVCEO Collector to Emitter Breakdown Voltage 30 V Ic = 1.0 mA, Ip =O 
BVEBO Emitter to Base Breakdown Voltage 5.0 V le = 0.1 mA, Ic =0 


Classification of hee 


E | F | © 


pa a ——EE or 








28-45 39-60 | 54-80 | 72-108 97-146 | 132 — 198 | 


hee Test Conditions : Vcge =5.0 V, Ic =1.0 mA 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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EC / PNP SILICON TRANSISTOR 
ELECTRON DEVICE 
JE9012 
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DESCRIPTION The JE9012 is designed for use in 1 W output amplifier of 7 
bis eadiae in ele h-oull a PACKAGE DIMENSIONS 
portable raqios In class pusn-pull operation. + millimetecs linches) 
“ 5.2 MAX. 
(0.204 MAX.) 
FEATURES ® High total power dissipation. (PT: 625 mW) 
| 
7 @ High collector current. (Ic : —500 mA) ! 
7 ® Complementary to JE9013. E < 
® Excellent linearity. © 2 






ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


| 
“127 MIN 
, (0.5 MIN.) 2le 7 


Storage Temperature ........... —55 to +150 °C 
Junction Temperature ........ +150 °C Maximum 
Maximum Power Dissipation (Ta= 25 °C) x 
= 
Total Power Dissipation ..............-. 625 mW 2 | 
— | 
Maximum Voltages and Currents (Ta= 25 °C) : an 
1. EMITTER EIAJ :SC-43B| 
Vcspo Collector to Base Voltage ........ -40 V | 2. BASE JEDEC : TO-92 | 
at =. | 3. COLLECTOR IEC : PA33 
Vceo Collector to Emitter Voltage ..... , 720 ¥ | Mcgee 
Vespo Emitter to Base Voltage ......... -§.0 V 
ic Collector Current...............-500mA 
le Base Cunrent fi aac can bes oa bees —-100 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC TYP. AX. TEST CONDITIONS 


hEET ee Gain 7 Vce=-1.0 V, Ic =-50 

heeo DC Current Gain Vege =-1.0 V, Ic =-500 mA 
VCE (sat) Collector Saturation Voltage | lc =—500 mA, Ip =—-50 mA 

VBE (sat) Base Saturation Voltage : lc =-500 mA, Ig=—-50 mA 

VBE Base to Emitter Voltage ' Vcoe=-1.0 V, Il¢=—-10 mA 

BVCBO Collector to Base Breakdown Voltage Ic =-0.1 mA, lp =0 

BYVcEO Collector to Emitter Breakdown Voltage | | Ic=-1.0 mA, Ip=d 

BVERO Emitter to Base Breakdown Voltage =, le =-0.1 mA, Ic =0 


ICBO Collector Cutoff Current Veg =—-25 V, Ie =0 





lEBO Emitter Cutoff Current Veg=—-S.0V, Ic =0 


Classification of hee 









| Rank: D | € F G H 


Range 64-91 78-112 96—135 112—166 144—202 





hee Test Conditions : Veg =—-1.0 V, lc =—50 mA 
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 


vs. AMBIENT TEMPERATURE SAFE OPERATING AREA 















| | Free Air 
Fi + i 
e “ 
© 
a y F- 
% i 
a = 
: : 
: é 
a. — 
g é 
fi = 
oS 
: : 
0 50 100 §=6150 0 = 200—Stsé«éD 7 
Ta—Ambient Temperature-- “°C 
1 <2 5 —10 —20 
Vog—Collector to Emitter Voitage- 
COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER COLLECTOR CURRENT vs. 
VOLTAGE BASE 
~ 20 | ~ 1000 
» ; 
1 ag : 
= <1 3 
é | E - 2 
5 3 = 
3 -sol 5 = 
S | = -  =10E 
| | 5 = 
 -49 | FE 
| | — 30 
| 
0 -40 ~-80 12 -16 -20 =10— 
Vee —Collector to Emitter Voltage—-V 
=—(3 






S10 


—0.8 
Voltage — V 


—02 -04 —06 
VBE —Base to Emitter. 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 









TUT tre =10 Aas 

= 
e Pt | -- 
| —_ 
w ee a a ee eee uM 7X Lz 
= Liu MH 
3 i i) | pe 
> 1 LU Li S -10 
Cc 
2 TT TTT 1 is 
a | = -08 
= ‘ 
2 2 
wn a) 
. NO —06 
[=] 
5 e 
a on _ 
= 0.4 
7 3 
= B 
& x 
Li > 
= OL 

r ' | | —0.1 

—0.1 -0.3 —10 -30 -10 —30 —100 —300—1000 


I¢-- Collector Current—mA 





JE9012 





COLLECTOR CURRENT vs. 
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TYPICAL SMALL SIGNAL “h” 
PARAMETERS COMMON EMITTER 


INPUT IMPEDANCE vs. SMALL SIGNAL CURRENT GAIN VOLTAGE FEEDBACK RATIO 
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ELECTRON DEVICE 





DESCRIPTION The JE9013 is designed for use in 1 W output amplifier of 
portable radios in class B push-pull operation. 

FEATURES @ High total power dissipation. (PT: 625 mW) 
e@ High collector current. (l¢: 500 mA) 
e Complementary to JE9012. 


@ Excellent hfe linearity. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ......... .. ~55 to +150 °C 
Junction Temperature ........+150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation............... 625 mW 
Maximum Voltages and Currents (Ta= 25 °C) 


Vcpo Collector to Base Voltage......... 40 V 
Vceto Collector to Emitter Voltage ...... 20 V 
Vespo Emitter to Base Voltage..........5.0 V 
Ic Collector Current ...c0ss0c8.006% 500 mA 
Ip Base. COMBAE 24.550 055555eed%G54 100 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





SYMBOL CHARACTERISTIC 
hrE 1 DC Current Gain 

NEED DC Current Gain 

VCE (sat! Collector Saturation Voltage 
VBE (sat! Base Saturation Voltage 

VBE Base to Emitter Voltage 
BVcBo Collector to Base Breakdown Voltage 
BVCEO Collector to Emitter Breakdown Voltage 
BVERO Emitter to Base Breakdown Voltage 
IcBO Collector Cutoff Current 


lEBO Emitter Cutoff Current 


Classification of heey 


Rank D E | F G _ OH 


—— ate = + — 


Range 64-91 78-112 96-135 . 112-166 144-202 


hfe Test Conditions : Vee =1.0 V, lc =50 mA 
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JE9013 





PACKAGE DIMENSIONS 


in millimeters (inches) 
52 MAX. 
(0.204 MAX.) 
A 3 
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1. EMITTER EIAJ : 5C-43B 
2. BASE JEDEC : TO-92 


3. COLLECTOR IEC > PASS 





TEST CONDITIONS 
Vce=1.0 V, Ic =50 mA 
Vce = 1.0 V, Ic =500 mA 
Ic = 500 mA, lp=50 mA 
lc = 500 mA, Ip=50 mA 
VceE= 10V, lc=10mMA 
ic =0.1 mA, IE=0 
Ic=1.0 mA, Ip=O 
le =—-O.1 mA, Ic =O 
Vecp= 29 V, ig =O 


Veg =3.0 V, Ic=0 
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JE9013 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION 
vs. AMBIENT TEMPERATURE 


1.0 
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Ta—Ambient Temperature—“C 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 
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Vep—Collector to Emitter Voltage —V 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 
VOLTAGE 
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COLLECTOR CURRENT 
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TYPICAL SMALL SIGNAL 
“h” PARAMETERS COMMON EMITTER 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 
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OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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SMALL SIGNAL CURRENT GAIN 
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ELECTRON DEVICE 


DESCRIPTION The JE9014 is designed for use in pre-amplifier of low level 


and low noise. 


ae 


FEATURES ® High total power dissipation. (P7 : 625 mW) 
e Complementary to JE9015. 
@ High hee and good linearity. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ............ —55 to +150 °C 
Junction Temperature ........ +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 


Total Power Dissipation............... 450 mW 
Maximum Voltages and Currents (Ta=25 °C) 

VcsBo Collector to Base Voltage ......... 50 V 

Vceo Collector to Emitter Voltage....... 45 V 

Veso Emitter to Base Voltage ...... .... 50 V 

le Collector Current.......-..-c0. 100 mA 

lp Base Current ...............-... l0OMA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 






SYMBOL CHARACTERISTIC | : : ; UNIT 
hee BC Current Gain 60 280 1000 
Cob Collector to Base Capacitance 2.2 cis pF 
NF Noise Figure 0.9 10 dB 
Fy Gain Bandwidth Product 150) aru MHz 
ICBO Collector Cutoff Current 50 nA 
lEBO Emitter Cutoff Current 50 nA 
BYcRO Collector to Base Breakdown Voltage 50 V 
BYVCEQ Collector to Emitter Breakdown Voltage 45 V 
BVEBO Emitter to Base Breakdown Voltage 5.0 V 
VBE Base to Emitter Voltage 0.58 0.63 0.70 

VCE(sat) Collector Saturation Voltage 0.14 0.30 

VBE (sat) Base Saturation Voltage | | | 0.84 1.00 


Classification of hee 





Rank A B C D 


--- + 


100—300 | 200-600 400 —- 1000 


Range 60 — 150 


hee Test Conditions : Vee =5.0 V, lc =1.0 mA 
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JE9014 


PACKAGE DIMENSIONS 
in millimeters (inches) 
Be MAX. 
(0.204 MAX.) 


~ 
<= 
= 
cc 
se 
S 
— 


12.7 MING 
(0.5 MIN.) 


(0.165 MAX.) 


1. EMITTER EIAJ : SC-43B | 
2. BASE JEDEC : TO-92 
3. COLLECTOR 1EC > PASS 





TEST CONDITIONS 


Vce=5.0 V, lc=1.0mA 


Vep=10V, le=0, f=1.0 MHz 


Vce=5.0 V, Ic =.2 mA, 
RG=2.0 k2, f=1.0 kHz, Af=200 Hz] 


Vce=5,.0 V,lc=10mA 
Vcp=50 V, le=0 
VeR=5.0 V, Ic=0 
Ic =0.1 mA, |E=0 
Ic=1,0 mA, |lp=0 
[= =0.1 mA, Ic =O 
Vee =5.0 V,Ic=2.0 mA 
Ic =100 mA, 1p=5.0 mA 
Ic=100 mA, Ip=5.0 mA 
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 





TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 
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JE9014 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


lc ~— Collector Current~ mA 
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Voge —Collector to Emitter Voltage -V 


COLLECTOR SATURATION VOLTAGE vs, 
COLLECTOR CURRENT 
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COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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TYPICAL SMALL SIGNAL “h” PARAMETERS 


COMMON EMITTER 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 










. . 24 
aS ee ae es a 


=Vce=5.0 V 
_t “rH Lite f=1.0 kHz 























~ 3o Trin TINT 
= i $$ —— ss —_ 4 —+}-+4+- ig, 
ae Pe tt bi} 
a es Se eT 8 = =e —_ ee 
a ——— oo mea att 
a —$_— +h a ae | 
=e ; oe Sere ee 2 2 ee 1 demietminiet 
E 30; 1 ee | 
© 10 best a SS 

| oot ae aa ne 

a 

A 

0.3 
0.1L Beat | 
0.1 o.43 1.0 3.0 10 30 100 
Ic — Collector Current —mA 
OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
wa 1000 7 St - <= 
= Yee =9.0 Vo 
f=1.0 kHz +++ tt + 1 

cel — +r fT neak Ce on oo a 

£ 300+ ttt ttt | oo 
= ii HI 
«= 100 >= | = — 4 job <== + as 
Ss z 3 T — _ i =. : = t j 
6 3 mati eaiiil ail 
2 : | Ltt] LE bbe HULL 


lc —Collector Current —mA 


FEEDBACK TRANSFER ADMITTANCE vs. 
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SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 
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VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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TYPICAL SMALL SIGNAL “y” PARAMETERS 
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OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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PNP SILICON TRANSISTOR 


JE9015 








’ 1 * . . - : . pe = Ere 
DESCRIPTION The JE9015 is designed for use in pre-amplifier of low level PACKAGE DIMENSIONS | 
and low noise. in millimeters (inches) 
5.2 MAX. 
FEATURES @ High total power dissipation. (PT: 625 mW) | 
| | 
: ® Complementary to JE9014. ; _ 
- @ High hre-and good linearity. ce 
n 
ABSOLUTE MAXIMUM RATINGS = 
Maximum Temperatures Zz 
= 
Storage Temperature ........... —55 to +150 °C we 
Junction Temperature +150 °C Maximum - 
Maximum Power Dissipation (Ta =25 °C) 
Total Power Dissipation......... eee aa 450 mW x 
= 
Maximum Voltages and Currents (Ta=25 °C) 12 
Vcpo Collector to Base Voltage........ —50 V Ss. 
. EN ElZ : -43 
Vceo Collector to Emitter Voltage ..... -45 V : = aad JEDEC 70-92 
Vespo Emitter to Base Voltage......... -5.0 V a soins iaiaaialbat eat 
Ic Collector Current .............. —-100 mA 
lB Base Current ..........04....- -100 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 





DC Current G ain 

Collector to Base Capacitance 

Noise Figure 

Gain Bandwidth Product 
IcBO Collector Cutoff Current 


lFBa Emitter Cutoff Current 


BYVcBo Collector to Base Breakcown Voltage 


BYVCEO Collector to Emitter Breakdown Voltage 


BVERO Emitter to Base Breakdown Voltage 
VBE Base to Emitter Voltage 
VCElsat) Collector Saturation Voltage 


V BE l(sat) Base Saturation Voltage 


Classification of hee 





B | c 





100-300 200-600 





hee Test Conditions : Vce =—5.0 V, Ic =-1.0 mA 





TEST CONDITIONS 
Vce=—56.0 V, lc=-1.0 mA 
Vcp=-10 V, le=0, f=1.0 MHz 


VcE=—5.0 V, I¢=—0.2 mA, 
RG=2.0 k2, f=1.0 kHz, Af=200 Hz 


Voce =—6.0 V, le=-10mA 
Vca=—50 V, [e=0 
Vep=—5.0 V, Ic =0 
Ic=-0,1 mA, IE=0 
Ic=—-1.0 mA, [p=0 
le =—0,1 mA, Ic=0 
-0.65 -0.75 Vce=-5.0 V, lc =-2.0 mA 
-0.20 -0.70 | Ic=-100 mA, Ilp=—-5.0 mA 


-0.82 -1.0 lc=-100 mA, Ip=—5.0 mA 





843 


JE9015 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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TYPICAL SMALL SIGNAL “h” PARAMETERS 
COMMON EMITTER 
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VOLTAGE FEEDBACK RATIO vs. 
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ELECTRON DEVICE 








DESCRIPTION The JE9016 is designed for use in AM converter and FM PACKAGE DIMENSIONS 
RF amplifier of low noise. in millimeters (inches) 
: 5.2 MAX. 
, (0.204 MAX.) 
FEATURES @ High total power dissipation. (P+ : 400 mW) 


Cs 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature ........... —55 to +150 °C 


neha +150 °C Maximum 


Maximum Power Dissipation (Ta=25 °C) 


Junction Temperature 








Total Power Dissipation ................ 400 mW 
Maximum Voltages and Currents (Ta=25 °C) = 
Vcso Collector ta Base Voltage ......... “30 =+V 2 
Vceo Collector ta Emitter Voltage ....... 20 V e 
Veso Emitter to Base Voltage ......... 4.00 V 
Ic Collector Current .... 20... - 000 ve 25 mA M age ieee : Toga. 
Ip Base Current ois 2 iicte tosis | “5.0 mA eee he ree 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
| SYMBOL CHARACTERISTIC TEST CONDITIONS 


DC Current Gain ' Vce =5.0 V, le¢=1.0 mA 
Cob Collector to Base Capacitance Veg =10 V, le =0, f=1.0 MHz 


Vee =5.0 V, Ic =1.0 mA, 
NF Noise Figure 0 : ee 50 2, ae MHz 


t+ Gain Bandwidth Product Vee =5.0 V, lc=1.0 mA 
IcBo Collector Cutoff Current Veg =30 V, Ip =0 

lEBO Emitter Cutoff Current VEB=3.0V, lc=0 
BYCcBO Collector to Base Breakdown Voltage Ic=0.1 mA, le =0 
BYCEO Collector to Emitter Breakdown Voltage Ic=1.0 mA, Ip=0 

VBE Base to Emitter Voltage Vce=5.0 V, Ilc=1.0 mA 
VCE (sat) Collector Saturation Voltage ; lc=10 mA, |p=i1.0 mA 


Classification of hee 





Rank | D E F G H | I 
tas ates ea atic oratacindon cana ememaac intel ee! Ss nee: Sener 


28-45 39-60 54 — 80 72-108 | 97-146 132-198 | 
he¢e Test Conditions : Vee =5.0 V, Ile = 1.0 mA 
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fie — Input Conductance — mS 


VCE (sat) —Collector Saturation Voltage -- V 
VBE(sat)~ Base Saturation Voltage ~ V 
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ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


pop fe 


2 





Py —Total Power Dissipation — mW 


150. 
Ta— Ambient Temperature —"C 


100 200 250 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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ic —Collector Current— mA 


0.1 O.2 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Ic ~ Collector Current — mA 





0 2? 4 6 8 10 12 14 16 18 20 
Vee —Collector to Emitter Voltage —V 


COLLECTOR TO BASE CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 

10 ¢ 
lp =0 
f=1.0 MHz 





Cob Collector to Base Capacitance ~ pF 


10 


3.0 
Veg Collector to Base Voltage —V 


30 100 


TYPICAL SMALL SIGNAL “y” PARAMETERS 


COMMON EMITTER 


INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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le —Collector Current —mA 


gto —Forward Transfer Conductance — mS 


FORWARD TRANSFER ADMITTANCE vs. 


COLLECTOR CURRENT 
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Ic —Collector Current— mA 


hee —DC Current Gain 


@re Feedback Transfer Conductance —mS 


JE9016 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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I¢ ~ Collector Current ~mA 


0102 05 12 5 100 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


fy ~Gain Bandwidth Product -MHz 
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Ic —Collector Current —mA 


FEEDBACK TRANSFER ADMITTANCE vs. 
COLLECTOR CURRENT 
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bre ~ Feedback Transfer Susceptance —mS 
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ms 


bre ~Feedback Transfer Susceptance — mS 
re] 


— m5 


2th Forward Transfer Conductance 


Zoe ~ Output Conductance — mS 


fre —Feedback Transfer Conductance — 


JE9016 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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INPUT ADMITTANCE vs. 








f — Frequency ~ MHz 


OUTPUT ADMITTANCE vs. 
FREQUENCY 
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FEEDBACK TRANSFER ADMITTANCE vs. 
COLLECTOR CURRENT 
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FORWARD TRANSFER ADMITTANCE vs. 
FREQUENCY 
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INPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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NOISE FIGURE vs. 
COLLECTOR CURRENT 
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NPN SILICON TRANSISTOR 


JE9018 





ELECTRON DEVICE 








DESCRIPTION | The JE9018 is designed for use in AM/FM IF amplifier and | 
local oscillator of FM/VHF tuner. PACKAGE DIMENSIONS 
- | in millimeters (inches) 
FEATURES @ High total power dissipation. (P7 : 400 mW) ft (0208 MAX) | 





® High gain bandwidth product. (f;=1 100 MHz TYP.) | 
@ Stable oscillation and small frequency drift for supply | 


mi 


as 
_ > 
= 
= = 
a Des 
=s 


voltage and ambient temperature change. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


12.7 MIN 
(0.5 MIN.) 





Storage Temperature ........... —55 to +150 °C 
Junction Temperature ........ +150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 
Total Power Dissipation......... ee 400 mW >< 
Maximum Voltages and Currents (Ta= 25 °C) : 
Vcso Collector to Base Voltage.......... 30 V 1s 
Vceo Collector to Emitter Voltage : +e 15 V 1, EMITTER EIAJ : $C-43B 
Veso Emitter to Base Voltage ........... 5.0 V 4 SoLLecton ie | PASS. 
Ic Collector Current ..........00005 50 mA 
lp Base CUNneNe «66 back ee eee ce 10 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 *C) 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
2. VcE=5.0 V, Ic= 1.0 mA 






DC Current Gain 











Cob Output Capacitance 1.3 1.7 pF Vcp=10 V, le=0, f= 1.0 MHz 
fT Gain Bandwidth Product 700 ~=—-: 1100 MHz VcE=5.0 V, Ic =5.0 mA 
ICBO Collector Cutoff Currert 50 nA Vcp=12 V, le=0 









BVcBO Collector to Base Breakdown Voltage 30 V Ic=0.1 mA, le =0 
BYVCEO Collector to Emitter Breakdown Voltage 15 V Ic= 1.0 mA, Ip=0 
BVEBO Emitter to Base Breakdown Voltage 5.0) V leE=0.1 mA, Ic =0 

VW Ic = 10 mA, Ip=1.0 mA 





VCE(sat) Collector Saturation Voltage 0.5 





Classification of hee 





| Rank D E F G H | 


132—198 | 


Range 25—45 39—60 54—80 | 72—108 97-146 


hee Test Conditions : Vce =5.0 V, lc =1.0 mA 
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JE9018 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Py — Total Power Dissipation — mW 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





0. 650 100. 150 200 25C 


hee —OC Current Gain 





Ta—Ambient Temperature —°C 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


0.102 051020 50 10 20 50 10C 
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lIe— Collector Current— mA 


mA 


Ic ~~ Collector Current: 


Cob ~~ Output Capacitance — pF 


COLLECTOR CURRENT vs. _ 
BASE TO EMITTER VOLTAGE 





02 04 06 O08 1.0 
Veep —Base to Emitter Voltage —V 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


mA 


Ic — Collector Current - 


fy —Gain Bandwidth Product —MHz 








‘4s to 15 BO 95°" 36 
Voge —Collector to Emitter Voltage—V 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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ELECTRON DEVICE 






DESCRIPTION 


FEATURES 


® Complements to PNP Type JE9092. 


® JE9042 Electrically Similar to MPS-A42. 
Vceo = 300 V 
(E-B reverse bias, C= 2 300 pF) 
ESDR : TYP. 1 000 V 


® High voltage 


®@ High Electrostatic- 


Discharge-Resistant 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


NPN SILICON TRANSISTOR 


The JE9042 is designed for general-purpose applications 
requiring high Breakdown Voltages. 


Storage Temperature ............ —55 to +150 °C 


Junction Temperature 


Maximum Power Dissipation (Ta = 25 °C) 














Sl er 


150 °C Maximum 


Total Power Dissipation ................ 625 mW 
Maximum Voltages and Currents (Ta = 25 °C) 
Vcspo Collector to Base Voltage .......... 300 V 
Vceo Collector to Emitter Voltage ........ 300 V 
Vepo Emitter to Base Voltage ........... 6.0 V 
lc Collector Current..........% Oa ace Se ITs 
lp Base CRO 6 aig. a od os Se eS 200 mA 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC MIN. TYP. : “MAX. 
“HEE? sd DC CurrentGain ee: 110 
hee? DC Current Gain 40 120 300 
ESDR Electrostatic-Discharge-Resistant 1000 
ton Turn-on Time 2.0 
toff Turn-off Time 3.0 
tstg Storage Time 2.0 
i Gain Bandwidth Product 30 60 
Cob Output Capacitance 2.8 4.0 
IcBoO Collector Cutoff Current 100 
lEBO Emitter Cutoff Current 100 
VBE Base to Emitter Voltage 600 670 700 
VCE(sat)1 Collector Saturation Voltage 0.08 0.5 
VCE(sat)2 Collector Saturation Voltage 0.15 1.5 
VBE (sat)1 Base Saturation Voltage 0.7 0.9 
Base Saturation Voltage 0.8 15 


| VBE(sat)2 


Classification of hres 






Rank B 
70 — 180 


Range 


C 
_ 140 — 300 
Test Conditions : VcE=10 V, I¢=30 mA 


UNIT 





JE9042 





PACKAGE DIMENSIONS 
in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 







5.5 MAX. 
(0.216 MAX.) 


12.7 MIN. 
(0.5 MIN.) 


4.2 MAX. 
(0.165 MAX.) 


1. EMITTER EIAJ :SC-43B 
2. BASE JEDEC: TO-92 
3. COLLECTOR IEC > PASS 


SSS 


q 
] 
| 


TEST CONDITIONS 

—— VeE=10V, Ig=1.0mA 

- Vce=10V, lc =30mA | 
V see Test Circuit 

MS Veco =30V 

us ri? Ie =100 mA 

Ms lp1=—1pa=10mA 
MHz Vce=30 V, le =—10 mA 

pF Vcp = 30 V, le =0, f= 1.0 MHz 
nA Vcp = 300 V, le =0 

nA Veg =6.0V,Ilc¢ =0 

mV Vee =10V, le =10mA 

Vv Ic = 20 mA, Ig = 2.0mA 

V lc = 50 mA, lp =5.0mA 

V lc = 20 mA, lp = 2.0mA 

V 


ic = 50 mA, Ip = 5.0mA 
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hFeE—DC Current Gain 


JE9042 


TYPICAL CHARACTERISTICS (Tg = 25 °C) 


Py—Total Power Dissipation —W 


20 


1 Win ial | 1 ft | | 
010205 1 2 5 1020 50100200 5001000 


Cob—Output Capacitance—pF 


852 








TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


I¢—Collector Current—mA 


100 
T,~Ambient Temperature—°C 


DC CURRENT GAIN vs. 
CURRENT 


tt tet 
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I¢—Collector Current—mA 


VCE(sat)—Collector Saturation Voltage—V 


VBE(sat)— Base Saturation Voltage—V 


OUTPUT CAPACITANCE vs 
COLLECTOR TO BASE VOLTAGE 


tf—Fall Time—ys 








1 2 5 10 20 50100200 500 100c 
Vep—Collector to Base Voitage—V 


tq—Delay Time—uS tstg—Storage Time—ys 


tr—Rise Time—ps 


5 9° 
oS . 


COLLECTOR CURRENT vs. 
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VoEe—Collector to Emitter Voltage—V 


COLLECTOR SATURATION VOLTAGE, 
BASE SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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I¢—Collector Current —mA 


SWITCHING TIME vs. 
COLLECTOR CURRENT 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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I¢—Collector Current—mA 


05 #06 O07 O8 09 1.0 
Vee —Base to Emitter Voltege—V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 
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le —Emitter Current—mA 


NEC ttectron vevice 7 | J E9042 


ELECTROSTATIC-DISCHARGE-RESISTANT TEST CIRCUIT 


Open COLLECTOR 
TEST CONDITION 
1) E-B reverse bias 
2) C=2300 pF 
3) Apply one shot pluse to D,U.T. (Device Under the Test) by SW. 


aeeat JUDGEMENT 


REJECT; BVego waveform defect 
Asa result if D.U.T. is not rejected, apply higher voltage to capacitor 
and test again. 






C=2 300 pF 
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DESCRIPTION 


FEATURES 





NPN SILICON TRANSISTOR 


The JE9043 is designed for general-purpose applications 


requiring high Breakdown Voltages. 


® High Collector-Emitter Breakdown Voltage. 
Vceo > 200 V (@ Ic =1.0 mA) 

® Complements to PNP Type JE9093. 

® JE9043 Electrically Similar to MPS-A43., 


ABSOLUTE MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


| 


a 


Maximum Temperatures 
Storage Temperature ............ 
Junction Temperature .......... 
Maximum Power Dissipation (T, = 25 °C) 
Total Power Dissipation. .......... 
Maximum Voltages and Currents (Ta = 25 “C 


Vcpo Collector to Base Voltage .... 
Vceo Collector to Emitter Voltage . . 
Verso Emitter to Base Voltage ..... 
lc Collector Current.......... 
Ip Base CUrrerit.: 0 s4a 3 oe eis 





SYMBOL CHARACTERISTIC MIN. TYP. 
heed DC Current Gain 2 230 
hee DC Current Gain 40 250 
hres. DC Current Gain 30 250 
ton Turn-on Time 0.2 
toff Turn-off Time 0.5 
tstg Storage Time 0.2 
| Gain Bandwidth Product 90 150 
Cob Output Capacitance 3.0 
IcBa Collector Cutoff Current 
lEBa Emitter Cutoff Current 
VBE Base to Emitter Voltage 650 
VCE(sat)1 Collector Saturation Voltage 0.05 
VCE(sat)2 Collector Saturation Voltage 0.08 
VBE(sat)1 Base Saturation Voltage 0.7 
VBE(sat)2 





Base Saturation Voltage 


Classification of heea 






Rank | 
| Range 


Test Conditions : Veg =10V, lc =10mA 
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a 


—55 to +150 °C 


150 °C Maximum 





JE9043 





PACKAGE DIMENSIONS 


in millimeters (inches] 


| 
| 5.2 MAX. 
* (0.204 MAX.) 
a + 









1) (0.216 MAX.) 


x 

= 

= 

iw 

“wo 
0.45 Ls 
f ) =— = 
(0.018) |S = 

os 

Ns 





hans 625 mW 
eae 200 V 
ee 200 V 
ee 6.0 V 
-.»..,0900mMA 
es 200 mA 1,.EMITTER EIAJ :SC-43B 
2. BASE JEDEC : TO-92 
3. COLLECTOR JEC : PASS 
MAX - UNIT TEST CONDITIONS 
_ 3 VcE=10V, 1c =1.0mA 
500 =_ VceE =10V,Ic =10mA 
— VceE =10V,Ic =30mA 
us 
lc = 100 mA 
ia Ip1 =—Ip2=10mA 
us 
MHz Vce=20V, le =—-10mA 
5.0 pF Vcp = 20 V, le =0, f = 1.0 MHz 
100 nA Vcp = 200 V, le =0 
100 nA Veg =6.0V,Ilc =0 
700 mV VceE=10V,Ic¢=10mA 
0.3 V lc = 20 mA, Ip = 2.0mMA 
0.3 Vv lc =50mA, lp =5.0mMA 
1.0 Vv lc = 20mA, lp =2.0mA 
1.2 Vv Ic = 50 mA, Ip = 5.0 mA 










NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Tz = 25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Py7—Total Power Dissipation —W 
Ic - Collector Current mA 





0 50 100 150 200 
T,—Ambient Temperature—“C 


250 





Vcoe-—Collector to Emitter Voltage—V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


COLLECTOR SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 
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Seer 
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le —Collector Current —mA 


1.02.0 5.0 10 20 50100200 5001000 
lc Collector Current—mA 


VCE(sat)~ Collector Saturation Voltage —V 


GAIN BANDWIDTH PRODUCT vs. 
EMITTER CURRENT 


OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 
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JE9043 





COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


Pulsed 


mA 


l¢~ Collector Current: 





05 06 O7 O8 O09 10 
VeeE~ Base to Emitter Voltage—V 


BASE SATURATION VOLTAGE 
vs. COLLECTOR CURRENT 








VBE(sat) Base Saturation Voltage-V 
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PNP SILICON TRANSISTOR 


JE909 


EF 


ELECTRON DEVICE 












DESCRIPTION The JE9092 is designed for general-purpose applications 













requiring high Breakdown Voltages. | PACKAGE DIMENSIONS 
. in millimeters (inches) 
FEATURES ®@ Complements to NPN Type JE9042. mene 
@ JE9093 Electrically Similar to MPS-A92 : 
-— @ High voltage Vceo 2 —300 V 
7 ®@ High Electrostatic- (E-B reverse bias, C= 2 300 pF) 3 
Discharge-Resistant | VesprR: TYP. —1000 V : : 
ABSOLUTE MAXIMUM RATINGS “s | 
Maximum Temperatures 0.45 os 
, (0018) |Z 3 
Storage Temperature.......... —55 to +150 C = I= 
Junction Temperature ........ 150 °C Maximum »é < ag 
Maximum Power Dissipation (Tg = 25 °C) az ry 
Total Power Dissipation. .............625 mW Ss 
Maximum Voltages and Currents (Ta = 25 “C) | | I: x 
Vergo Collector to Base Voltage ........ — 300 V oy 3 ; | 
Vceo Collector to Emitter Voltage ...... —300 V its 
Veso Emitter to Base Voltage ......... —6.0 V | 
ie 1. EMITTER EIAJ : SC-43B 
le Collector Current............ —500 mA 2. BASE JEDEC : TO-92 
lp Base Current...........+.+- —7200MA 3. GOLLECTOR TEC. 1: PAGS 





ELECTRICAL CHARACTERISTICS (T, = 25 C) 
SYMBOL CHARACTERISTIC . MIN. . . TEST CONDITIONS 
hFe1 DC Current Gain 25 Vce=—10V, lc =—1.0mA 



















hFe? DC Current Gain 40 120 300 _ Vee =—10 V, Ic =—30 mA 

VESDR Electrostatic-Discharge-Resistant —1000 V see Test Circuit 
ton Turn-on Time 2.0 us Vec=—-30 Vv 

ltoff Turn-off Time 3.0 us Ic =—100 mA 

tstg Storage Time 2.0 Ls —Ip, =!po=—10mA 

fr Gain Bandwidth Product 30 80 MHz Vce=—30V,lE=10mA 

Cob Output Capacitance 5.0 7.0 pF Vcp =—30 V, le =0, f=1.0 MHz 

IcBa Collector Cutoff Current —100 nA Vcp =—300 V,le=0 

lega Emitter Cutoff Current —100 nA Ven =—6.0 V,Ic=90 

VBE Base to Emitter Voltage —600 —-650 -—-—700 mV Vce =-—10V, ic =—10 mA 








VCE (sat)1 Collector Saturation Voltage —0.15 —05 V Ic =—20 mA, lp=—2.0 mA 
VCE (sat)2 Collector Saturation Voltage —0.5 —1.5 V Ic =—50 mA, Ip =—5.0mA 
VBEl(sat)1 Base Saturation Voltage —0.7 —09 V Ic =—20 mA, |lp=—2.0 mA 

V Ic =—50 mA, lp =—5.0 mA 








VBE(sat)2 Base Saturation Voltage —0.8 —15 


Classification of hres 


Test Conditions : Vcg =—10 V, Ic =—30 mA 
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TYPICAL CHARACTERISTICS (T, = 25 °C) 
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JE9092 NEC ELECTRON DEVICE 


ELECTROSTATIC-DISCHARGE-RESISTANT TEST CIRCUIT 


Open COLLECTOR TEST CONDITION 
1) E-B reverse bias 
2) C=2 300 pF 
3) Apply one shot pluse to D.U.T. (Device Under the Test) by SW. 


JUDGEMENT 


REJECT; BVego waveform defect ° 
Asa result if D.U.T, is not rejected, apply higher voltage to capacitor 
C=2 300 pF : and test again. 
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PNP SILICON TRANSISTOR 


JE9093 


E 








ELECTRON DEVICE 





| 
| 


DESCRIPTION The JE9093 is designed for general-purpose applications 
requiring high Breakdown Voltages. PACKAGE DIMENSIONS 
in millimeters (inches) 


FEATURES @ High Collector-Emitter Breakdown Voltage. 
Vceo > -200 V (@ le = —1.0 mA) 
® Complements to NPN Type JE9043. 


5.2 MAX. 
(0.204 MAX.) - 
—_ -—- 




















| 
2 @ JE9093 Electrically Similar to MPS-AQ3 | 
- 4 
ABSOLUTE MAXIMUM RATINGS | = 
Maximum Temperatures a | 
i=) 
Storage Temperature .......... —55 to +150 °C = 
Junction Temperature ........ 150 ~C Maximum a 
Maximum Power Dissipation (Ta = 25 °C) = 
wo 
Total Power Dissipation ..............625 mW 2 
Maximum Voltages and Currents (Ta = 25 °C) 
Vcpo Collector to Base Voltage ...... he» 200 V “< 
Vceo Collector to Emitter Voltage... . .. 7200 V < 
Vepo Emitter to Base Voltage ......... —6.0V LS | 
Ic Collector Current,..........- —500 mA ! 2 
lp Base Current...........- =.. —200mA | | 
| 1. EMITTER EIAJ : SC-43B 
| 2. BASE JEDEC : TO-92 
13. COLLECTOR IEC : PA33 
i ee 
ELECTRICAL CHARACTERISTICS (Ta = 25 C) 
SYMBOL CHARACTERISTIC = ~~ MIN. TYP. MAX. UNIT TEST CONDITIONS —si 
vai ea ee —__— 
| heed DC Current Gain 25 250 _ Voce =—10V,!e¢=—-1.0mA | 
_ HFEQ DC Current Gain 40 250 500 i Vee =—-10V, lc =-10mA | 
| hFE3 DC Current Gain 30 250 = Vce =—10V, Ic =—-30mA | 
| ton Turn-on Time 0.08 us | 
| | Ic =-100 mA | 
| 7 ff Ti 0. | | 
| toff urn-O ime J.4 us ~1p1 = !po =—10mA | 
| tstg Storage Time 0.1 us | 
| fr Gain Bandwidth Product 50 130 MHz Vege =—20V, ig =10mA | 
| Cob Output Capacitance 4.0 5.0 pF Vcp = —20 V, Ile = 0, f = 1.0 MHz 
| ICBO Collector Cutoff Current — 100 nA Vcp = —200 V, le = 0 | 
| lEBO Emitter Cutoff Current —100 nA Veg = -6.0 V,i¢ =0 | 
| VBE Base to Emitter Voltage —650 —700 mV VceE = —-10V, Ic =-—10mMmA 
| VCE (sat)1 Collector Saturation Voltage —0.09 —0,3 V lc = —20 mA, Ilp=z=—-2.0mMA 
| VCE(sat)2 Collector Saturation Voltage —0.15 —-0.5 V Ic = —50mA, Ip = -—5.0mA 
| VBE(sat)1 Base Saturation Voltage —0.7 —1.0 V lc = —20 mA, Ip = -2.0mMA 
| VBE (sat)2 Base Saturation Voltage —0.75 —1.2 Vv lc = —-50 mA, Ip =—-5.0mA | 
ea a 8 a i _ 


Classification of hre2 


(Rank | A. 2s ae: 
edo aici eeenee Neen een eee 
Range 40 — 150 100 — 300 200 — 500 


Test Conditions : Vcg = —10V,I¢=—10mA 
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JE9093___ NEC tucreow neice 





TYPICAL CHARACTERISTICS (T, = 25 C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE 


Ic Collector Gurrent- mA 
Ic Collector Current--mA _ 





Py—Total Power Dissipation W 





__ [ rn 05 —-06 -07 -08 -09 -Ta 
T,—Ambient Temperature ~ °C 0 20 ~40 ~60 -80 ~ 100 Vpe—Base to Emitter Voltage—V 
Voge —Collector to Emitter Voltage—V. 


DC CURRENT GAIN vs. COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE 
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT vs. OUTPUT CAPACITANCE 
EMITTER CURRENT vs. REVERSE VOLTAGE 
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PNP SILICON TRANSISTOR 


JE9T12 


ELECTRON DEVICE 





DESCRIPTION The JE9112 is designed for use in output amplifier of 
portable radios in class B push-pull operation. PACKAGE DIMENSIONS : 
| in millimeters (inches) 
FEATURES @ High total power dissipation. (Py : 2.0 W, Tc =25 °C) 
® High collector current. (lc : -1.5 A! : ae 


— (0.204 MAX.) 
® Complementary to JE9113. et ! 


~ 


i 


ABSOLUTE MAXIMUM RATINGS — 
Maximum Temperatures 


) 





5.5 MAX 
(0.216 MAX.) 


storage Temperature....... ... ~65 to +150 °C ; 
Junction Temperature....... +150 °C Maximum | an: 
Maximum Power Dissipations | ois) 22 
Total Power Dissipation (Ta=25 °C)...... 1.0 W | j=3 
Transistor mounted on printed circuit board, NS 


max. lead length 4 mm, mounting pad for collector jead min. 
10 mm x 10 mm. 


(0.069 MAX.) 
| 
— 








Total Power Dissipation (Tc =25 “C)...:.. 2.0 W ee ae 
Thermal Resistance (Ta= 25 “C) _ z 2 
(Junction to Ambient)... 156.25 ~C/W = B 
Maximum Voltages and Currents (Ta=25 °C) 4s 
Vego Collector to Base Voltage...7.... -35 V 
Vceo Collector to Emitter Voltage . eae 25 -V bg al al oe ae 
Vepo Emitter to Base Voltage......... -6.0 V 3. COLLECTOR Ec : PA33 
lo Collector Current...........:.. -1.5 A 
lp Base Current . owes ewe wee ew ee —-O5A 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
__SYMBOL ——SCHARRACTERISTIC, = =—————CSwMIN, =SsTYP. == MAX. ~~ UNIT. ~———STEST CONDITIONS _ 
heey DC Current Gain 40 180 Vce =-1.0 V, lc =—-5.0 mA | 
heeo DC Current Gain 60 180 300 — Vce=—1.0 V, Ic =-100 mA 
hee3 DC Current Gain 30 110 os Vee =-1.0 V, Iq =—1000 mA 
fT Gain Bandwidth Product 10 50 MHz Vce =-5.0 Vv. Ic =-10 mA | 
Cob Output Capacitance 26 pF Vep=~10 V, le =0, f= 1.0 MHz | 
| IcBO Collector Cutoff Current -~100 nA Vcp=~35 V, Ie =0 | 
| lEBO Emitter Cutoff Current —100 nA Veg =-6.0 V, Ic =0 | 
| VBE Base to Emitter Voltage —0.96 —1.0 V Vce=—1.0 V, Ic=~800 mA | 
| VCE lsat] Collector Saturation Voltage —0.2 —0.5 V I¢=—800 mA, Ip =—80 mA 
| VBE (sat) Base Saturation Voltage -0.95 49 V l¢ = -800 mA, Igp=—-80 mA | 
| BVcBo Collector to Base Breakdown Voltage ~435 V I¢=—-0.1 mA, IE =0 | 
| BVcEO Collector to Emitter Breakdown Voltage ~ 95 V Ic =—2.0 mA, Ig =O | 
| BVEeBO Emitter to Base Breakdown Voltage -~6.0 V le =—0.1 mA, Ic =0 | 
Pim a a a a a a al aaa el 








Classification of hee 








a ——,— SS 
Rank A | = | C | D | 
a | es: | 1: ne i Seneca 

| Range | 60 — 120° Hh 85 — 160 | 120 — 200 7 | 160 — 300 | 


hee Test Conditions : Vce =-1.0 V, Ic =-100 mA 
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JE9112 | | : NEC ttectron vevice 





TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 
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NEC ELECTRON DEVICE 


OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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NPN SILICON TRANSISTOR 


JEI9113 








ELECTRON DEVICE 


DESCRIPTION The JE9113 is designed for use in output amplifier of . 
portable radios in class B push-pull operation. PACKAGE DIMENSIONS 
: in millimeters (inches) 
FEATURES ® High total nower dissipation. (Py :2.0W, Tc =25 i Be 52 MAX. 
® High collector current. (Ic : 1.5 A) s (0.204 MAX) 


® Complementary to JE9112. 


Ca 
~ 





ABSOLUTE MAXIMUM RATINGS Z 
Maximum Temperatures é 
Storage Temperature ........ ~65 to +150 °C S- 
Junction Temperature ...... +150 °C Maximum a 
Maximum Power Dissipations : se z 
Total Power Dissipation(Ta=25 “C)...... 1.0 W TA] 2 a 
Transistor mounted on printed circuit board, 254 | a 
max, lead length 4 mm, mounting pad for collector lead min. (0.10) —_—+—_= 
10 mm x 10mm. Se ee 
Total Power Dissipation (Tc =25 “C! ..... 2.0 W x 
Thermal Resistance (Ta=25 ~C) = 
(Junction to Ambient) . . 156.25 °C/W = 
Maximum Voltages and Currents (Ta=25 ~C) - | 7 
Vepo Collector to Base Voltage....... 35 V " ee oe ' oe 
Veeo Collector to Emitter Voltage ..... 25 V 3. COLLECTOR IEC : PA33 
Vego Emitter to Base Voltage........ 6.0 V 
Ic Collector Current............ 15A 
le Base CUMENT soc a 4 eo ace woe O5A 


ELECTRICAL CHARACTERISTICS (Ta =25 “C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT | TEST CONDITIONS 

| hee, —S—>—s DG Current Gain 40 170 - ss VoRe=1.0V,IC¢=5.0mMA 
hee? DC Current Gain 60 180 300 = Vce=1.0 V, 1c=100 mA 
hees DC Current Gain 30 130 = Vce=1.0 V, 1c=1000 mA 
fT Gain Bandwidth Product 30 140 MHz Vce=5.0V,Ic=10MA 
Cob Output Capacitance 17 pF Vcpg=10 V, le=0, f=1.0 MHz 
IcBo Collector Cutoff Current 100 nA Vep=35 V, le=0 
lEBO Emitter Cutoff Current 100 nA Veep =6.0 V, lc=0 
VEE Base to Emitter Voltage 0.96 1.0 V Vce=1.0 V, lc =800 mA 
VCElsat} Collector Saturation Voltage 0.15 0.5 V Ic =800 mA, |lp=80 mA 
VBE(sat) Base Saturation Voltage 0.95 1.2 V Ic =800 mA, |lgp=80 mA 
BYVcBO Collector to Base Breakdown Voltage 35 V lc =0.1 mA, Ip =O 
BVcEO Collector to Emitter Breakdown Valtage 25 V lc=2.0 mA, lp=0 
BVeEBO Emitter to Base Breakdown Voltage 6.0) V lE=0.1 mA, Ic=0 


od —-- —— ——_-— — — —_——-- — —— —EEO ee 


Classification of hres 
| Renk | A | Be | eed D 
Range | 60-120 120-200 160 — 300 
~ hee Test Conditions : Voge =1.0 V, Ic=100 mA 


85-160 


ae 
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE SAFE OPERATING AREA COLLECTOR TO EMITTER VOLTAGE 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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ELECTRON DEVICE 





DESCRIPTION The JE9123 is designed for general-purpose applications requir- 
ing High DC Current Gain. 
This is suitable for all kind of driving, instead of Darlington 
Transistor, or muting. 

FEATURES ® High DC Current Gain. 


hee = 800 to 3200 (@ Vce = 2.0 V, Ic = 300 mA) 
® Low Collector Saturation Voltage. 
VcE(sat) = 0.14 V TYP. (@ Ic/Ig = 300 mA/3.0 mA) 
® High Vego : Vepo= 15V 
® Large Current : Ic(pc} = 700 mA, Ic(pulse) = 1.0 A 
® High Total Power Dissipation. : P7 =0.75 W (Tz, = 25°C) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature ............. —55 to +150 °C 

Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 

Total Power Dissipation ..............0.22- 0.75 W 
Maximum Voltages and Currents (T, = 25 °C) | 

Vcpo Collector to Base Voltage......... 25 V 

Vceo Collector to Emitter Voltage....... 25 V 

Vepo Emitter to Base Voltage .......... 15 V 

le Collector Current (DC)........... 700 mA 

lc Collector Current (pulse)*......... 10 A 


*PW Ss 10 ms, Duty Cycle $ 50 % 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
CHARACTERISTIC 


SYMBOL 
heeq DC Current Gain 
heeo** DC Current Gain 
| fr Gain Bandwidth Product 
| Cob Output Capacitance 
IcBo Collector Cutoff Current 


NPN SILICON TRANSISTOR 


IEBO 
VBE. 


VCE(sat) ** 
VBE(sat)** 


ton 
'stg 
toff 


Emitter Cutoff Current 

Base to Emitter Voltage — 
Collector Saturation Voltage 
Base Saturation Voltage 
Turn-On Time 

Storage Time 

Turn-Off Time 





**Pulsed PW S$ 350 us, Duty Cycle $ 2 % 


Classification of heey 






Rank 
Range 


800 to 1600 









: | 
1200 to 2400 


2000 to 3200 


Test Conditions: VcE = 2.0 v, Ic =300mA 





JE9123 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
| (0204 MAX.) 


= | 


= | 
a 


(0.216 MAX.) 









3 | 
<< | 
= | 
eo 
= 
1. EMITTER EIAJ : $C-43B | 
2, BASE JEDEC : TO-92 ! 


| 3, COLLECTOR IEC : PASS 


| 


TEST CONDITIONS © —_ 


= ee er ee ee 


Vce = 2.0V, lc = 300 mA 
Vce = 2.0 V, lc = 500 mA 
VcE = 5.0 V, Ie = -300 mA 
Vcp = 10 V, le = 0, f = 1.0 MHz 
Veep =25V, le =0 
Veg =10V, lc =0 
Vce = 2.0 V, Ic = 50mA 
I¢ = 300 mA, Ip = 3.0 mA 
I¢ = 300 mA, Ip = 3.0 mA 
Vcc = 10 V, VBE(off) = —2-7 V 
lc = 200 mA 
lpi =—!p2=4.0mA 





S6Tr 


JE9123 


TYPICAL CHARACTERISTICS (T, = 25 “C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
COLLECTOR TO ETE VOLTAGE 
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OUTPUT CAPACITANCE vs. 
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NEC / NPN SILICON TRANSISTOR 
ELECTRON DEVICE . : J : 9 13 23 








DESCRIPTION The JE9133 is designed for general-purpose applications requir- [PACKAGE DIMENSIONS 


ing High DC Current Gain. Be vase aa ta 

a _ | in millimeters (inches) 
This is suitable for all kind of driving, instead of Darlington | 55 MAX 
Transistor, or muting. (0.204 MAX.) 


FEATURES . ® High DC Current Gain. 
. hee = 800 to 3200 (@ Vce = 5.0 V, Ic = 100 mA) 
® Low Collector Saturation Voltage. 
Vee(sat) = 0.11 V TYP. (@ Ic/Ig = 100 mA/1.0 mA) 
® High Vego : Vepgo = 15 V 
® High Total Power Dissipation. :P7 = 0.75 W (@T, = 25°C) 









5.5 MAX. 
(0.216 MAX.) 


12.7 MIN 
(0.5 MIN.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 








Storage Temperature ............. —55 to +150 °C 

Junction Temperature ........... 150 “C Maximum 3 oe 
Maximum Power Dissipation (T, = 25 °C) = 

Total Power Dissipation .........+.-. xoe, eae ye 
Maximum Voltages and Currents (T, = 25 °C) = 

Vepo Collector to Base Voltage ......... _ 50 V 1. EMITTER ElAJ : SC-43B | 

Vceo Collector to Emitter Voltage... .... 50 VV s eoLLecrOn Ices Pace | 

Vepo Emitter to Base Voltage.......... 15 V mee ——— _ 

Ic Collector Current (DC)........... 300 mA 

le Collector Current (pulse}*......... 500 mA 


“PW <= 10 ms, Duty Cycle = 50% 


ELECTRICAL CHARACTERISTICS (Tz = 25 “C) 
SYMBOL CHARACTERISTIC ; : MAX. UNIT TEST CONDITIONS 


hFE4 DC Current Gain . 3200 Ct VcE = 5.0 V,'¢ = 100 mA 
heea DC Current Gain ! Vce = 5.0 V, Ic =300mA 
tT Gain Bandwidth Product 221 | Vce = 5.0 V, le =-—100mA 
Cob Output Capacitance : pi Vop = 10V, le = 0, f = 1.0 MHz 
IcBo Collector Cutoff Current : Vem = 50 V, le =0 
| lEBO Emitter Cutoff Current Vep=10V,Ic=0 
VBE Base to Emitter Voltage | : Vce = 5.0 V, ic = 100 mA 
VCE (sat) Collector Saturation Voltage . Ic = 100 mA, ig = 1.0mA 
VBE (sat) Base Saturation Voltage ) 1. lc = 100 mA, Ip = 1.0mA 
ton Turn-On Time ’ ‘(Vco = 10 V, Vgelort) = — 2.7V 
| tstg Storage Time (c = 200 mA 
Ip1= —lpo2=4.0mA 





| toft Turn-Off Time 


Classification of here, 


g00 t01600 | 1200to2400 | 2000 to 3200 


Test Conditions: Vcge = 5.0 V, Ie = 100 mA 
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TYPICAL CHARACTERISTICS (Tg = 25 °C} 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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SAFE OPERATING AREAS (TRANSIENT 
THERMAL RESISTANCE METHOD) | 
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ELECTRON DEVICE J E 9 1 43 








DESCRIPTION The JE9143 is designed for general-purpose applications requiring cars 
PACKAGE DIMENSIONS : 


in millimeters (inches) 


High DC Current Gain. 
This is suitable for all kind of driving or muting. 


‘" =2fd' Las iio: DEE Oe 


hee = 800 to 3 200 (@ Vce =5.0 V, Ic = 500 mA) 
® Low Collector Saturation Voltage. 
VcE(sat) =0-22 V TYP. (@lc =1.0 A, Ig =10 mA) 
® High Vego : Vengo =15 V 
® High Total Power Dissipation : Py =1.0 W,(@T, =25 °C) 


4 


| 
FEATURES @ High DC Current Gain and good heg linearity. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 





Storage Temperature............. —55 to +150 °C 
Junction Temperature ........... +150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation. ..........0000808 0.75 W | 
Maximum Voltages and Currents (Ta = 25 °C) 
Vcpo Collector to Base Voltage ........... 30 V 7 . . | 
Vceo Collector to Emitter Voltage......... 25 V ph Gaeé ee | 
Vego Emitter to Base Voltage............ 15 V igaapeimaie nei a: Mena | 
lc Collector Current (DC).......... ... 2.2 A a 7 | 
le Collector Current (pulse)” .......... 3.0 A 


*PW= 10 ms, Duty Cycle = 50 % 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP, MAX. UNIT TEST CONDITIONS 
hee: —- DC Current Gain 00 =—s1500'i(itiDT—(itsés VcE = 5.0 V, Io = 500 mA 
hFea DC Current Gain 400 — Vce =5.0V,1c=2.0A 

fr Gain Bandwidth Product 150 350 MHz Vce = 10 V, le =—-500 mA 
Cob Output Capacitance 26 35 pF Vcp = 10 V, le = 0, f = 1.0 MHz 
IcBo Collector Cutoff Current | 100 nA Vep =30V,le=0 

lEBO Emitter Cutoff Current 100 nA Veg =10V, Ic =0 

VBE Base to Emitter Voltage 600 630 700 mV Vee = 5.0 V, le = 100 mA 

VCE (sat) Collector Saturation Voltage 0.22 0.30 V lc =10A,lg=10mA 

VBE (sat) Base Saturation Voltage 0.90 1.2 V lc =1.0A, 1g =10mA 


Classification of hre; 







1200—2400 | 2000—3200 


Test Conditions: Veg = 5.0 V, lc = 500 mA: 
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TYPICAL CHARACTERISTICS (Tz = 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. 
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AFE OPERATING AREAS (TRANSIENT COLLECTOR TO EMITTER VOLTAGE 


THERMAL RESISTANCE METHOD) 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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DESCRIPTION The JE9153 is designed for general-purpose applications requiring ar . 
High DC Current Gain. | PACKAGE DIMENSIONS 


, ; oe in miilimeters (inches) 
This is suitable for all kind of driving or muting. | 
5.2 MAX. 
(0.204 MAX.) 
FEATURES ® High DC Current Gain and good hee linearity. p _ | 


. hee =800 to 3200 (@Vc_ =5.0 V, Ic = 300 mA) 


















| 
| 
“e Hign Voltage and Wide ’’’SOA”. | 22 | 
Vceo =50 V, Vego = 15 V | =. | 
® Low Collector Saturation Voltage. | a | 
Vckisat) =0-17 V TYP. (@lc =500 mA, Ip =5.0 mA} | -_ | 
@ High Total Power Dissipation : Py = 1.0 W (@T, =25 °C) | T 
ABSOLUTE MAXIMUM RATINGS | 6 > a | 
Maximum Temperatures | 254 II =2 ae | 
Storage Temperature......... eer —55 to +150 °C | ea | 58 | 
Junction Temperature ............ +150 °C Maximum | (0.05) = | 
Maximum Power Dissipation (T3 = 25 C) | a <= 
Total Power Dissipation ............000008 0.75 W | ys | 
Maximum Voltages and Currents (Ta = 25 °C) | “~ ¥ 
Vcgo Collector to Base Voltage........... -60 V | 1, EMITTER EIAJ : SC-43B 
Vceo Collector to Emitter Voltage......... 50 V i eeene ae ' eae 
Vepo Emitter to Base Voltage..........4.. 15 V —— ee 4 
Ic Coliector Current (DC)......... i‘ectar “LE FS 
Ic Collector Current (pulse}*...... Seece “Wee 
*PW = 10 ms, Duty Cycle <= 50% 
ELECTRICAL CHARACTERISTICS (T, = 25 °C) 
SYMBOL CHARACTERISTIC MIN, YE; MAX. UNIT TEST CONDITIONS 
hE EY DC Current Gain goo 1500 +~— 3200 - Vee = 5.0 V, Ic = 300 mA 
hFeo DC Current Gain 400 — Vee =5.0V, Ic =1.0A 
ft Gain Bandwidth Product 150 250 MHz Vce=10V, le = —500 mA 
Cob Output Capacitance 18 30 pF Veg = 10V, le = 0, f = 1.0 MHz 
IcBO Collector Cutoff Current 100 nA Vcg =60V,Ile=0 
lEBO Emitter Cutoff Current 100 nA Vegp=10V,Ic=0 
VBE Base to Emitter Voltage 600 630 700 mV Vce = 5.0 V, lc = 100 mA 
VCE (sat) Collector Saturation Voltage 0.17 0.30 V Ic = 500 mA, Ip =5.0mMA 
VBE (sat) Base Saturation Voltage 0.80 1.2 V lc = 500 mA, Ip = 5.0 mA 


ili of au 


= — | |B - 
| Renae g00-1600 | 1200 — 2400 


Test Conditions: Vcg = 5.0 V, Ic = 300 mA 
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TYPICAL CHARACTERISTICS (T, = 25 °C) 
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OUTPUT CAPACITANCE vs. 
COLLECTOR TO BASE VOLTAGE 
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DESCRIPTION 
circuit. 


FEATURE @ Bias resistors 


ABSOLUTE MAXIMUM RATINGS 








The JE9214 is designed for use im medium speed switching 


built-in type NPN transistor equivalent circuit. 


C 


Maximum Temperatures 


Storage Temperature..............—55 to +150 °C 

Junction Temperature .........4. 150 °C Maximum 
Maximum Power Dissipation (T, = 25 °C) 

Total Power Dissipation .........-..2-02:5 300 mW 
Maximum Voltages and Currents (Ta = 25 C) 

Vepo Collector to Base Voltage.......... 60 V 

Vceo Collector to Emitter Voltage. ....... 50 V 

Vepo Emitter to Base Voltage........... 10 V 

lcipc) Collector Current (DC) ........... 100 mA 

lc (pulse) Collector Current (pulse) .......... 200 mA 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





SYMBOL 

oo 
R4/R2 
VIH 


VIL 


eS ee 


Input Resistance 


Resistors Ratio 


Hi Level Input Voltage 


ton Turn on Time 


tstg Storage Time 
toff 
NFE1 
NFE2 
VCE (sat) 
ICBO 


Turn off Time 
DC Current Gain 
DC Current Gain 


Classification of heey, Ry 
| | Rank A 
35 to 100 


hee, Range 


Ri Range (k%2) 





7.0 to 10 to 13 


CHARACTERISTIC 


Low Level Input Voltage 


Collector Saturation Voltage 


Collector Cutoff Current 











85 to 340 


32.9 to 47.0 to 61.1 


60 to 195 
15.4 to 22.0 to 28.6 






NPN SILICON TRANSISTOR 








JE9214 





PACKAGE DIMENSIONS 
in millimeters (inches) 
5.2 MAX. 
(0.204 MAX.) 
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TEST CONDITIONS 


— = ————————— 


Vee =5.0 V, Ile = 100 pA 
Voce =02V,I¢ =5.0mA 

Veco =5.0V,RL=1.0k2 

Vin = 5.0V, 

PW = 2 us, Duty Cycle 5 2% 
Voce = 5.0 V, 1c =5.0mA 
Vce =5.0V,I¢ =50mA 
Ic = 5.0 mA, Ig = 0.25 mA 
Veg =50V,le=0 
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TYPICAL CHARACTERISTICS (T, = 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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25 °C) 


Rank A 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
50 
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RESISTOR vs. 
AMBIENT TEMPERATURE 


R—Resistor—k 9 


25 


-25 0 
Ta— Ambient Temperature —°C 


50 75 100 


VCE 





‘Collector to Emitter Voltage—V 


NEC ELECTRON DEVICE 





COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 
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Rank B 


I¢—Collector Current—mA 


R—Resistor— k® 
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COLLECTOR CURRENT vs. 
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COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 








Vce—Collector to Emitter Voltage—V 




















| 0 i0 =i 20t:té«isti‘<ié«iK:~S~*é«CSC 
VCE- ‘Collector to Emitter Voltage—V I¢—Collector Current— mA 
COLLECTOR SATURATION VOLTAGE vs. INPUT VOLTAGE vs. | 
COLLECTOR CURRENT COLLECTOR CURRENT 
1.0 pe | aT pT] 
See Tal nth an pt | 
os HE oe co 
a 
THIN vee-o v ul 
0.2 $10 
= a ee ee 
ON Gaara ae it 
0.1 3 5.0/-— + + Ht 
£ | Ti 
0.05 a ° 
s 












aa 
tt tH 
=a 


oO 50 ? . 


10 20° 100 
l¢—Collector Current — 





50 10 20 — 
I¢—Collector Current—mA 


ae 


RESISTOR vs. a 
AMBIENT TEMPERATURE SWITCHING TIME vs. 


COLLECTOR CURRENT 
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Rank C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





l¢— Collector Current -mA 





8.0 
Vce—Collector to Emitter Voltage—V 


COLLECTOR SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


Loo 





VCE(sat)— Collector Saturation Voltage—V 
° 
oO 
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RESISTOR vs. 
AMBIENT TEMPERATURE 
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75 
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DC CURRENT GAIN vs. 


COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 
0.5 —— 












Voce Collector to Emitter Voltage—V 
hee DC Current Gain 
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COLLECTOR CURRENT INPUT VOLTAGE 
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PNP SILICON TRANSISTOR 


JE92Z215 
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ELECTRON DEVICE 








DESCRIPTION The JE9215 is designed for use in medium speed switching 


circuit, PACKAGE DIMENSIONS 
in millimeters (inches) 
(0.204 MAX.) 


' 


C “ 





FEATURE ® Bias resistors built-in type PNP transistor equivalent circuit. 5.2 MAX. 
| 








| 
| = 
>< 
= 
= 
2 
a 
E | 
| | = 
ABSOLUTE MAXIMUM RATINGS | i 
Maximum Temperatures | = 
Storage Temperature............. —55 to +150 °C 
Junction Temperature ........... 150 °C Maximum = 
Maximum Power Dissipation (Ta = 25 °C) | = 
Total Power Dissipation..............4.0. 300 mW B 
Maximum Voltages and Currents (Tg = 25 °C) | S 
Vcspo Collector to Base Voltage ...... ..., -60 V | 1. EMITTER EIAJ : SC-43B 
Sie | | 2. BASE : TO: 
Vceo Collector to Emitter Voltage....... —50 V 3. COLLECTOR ae? PASS 
Vepo Emitter to Base Voltage.......... —10 V q _ | 
lcipc) Collector Current (DC) .......... —100 mA 
Ic (puise) Collector Current (pulse) ........ . -200 mA 


ELECTRICAL CHARACTERISTICS (Tag = 25 °c) 
| sYMBOL CHARACTERISTIC | 


rn cs an a a I 


Input Resistance 7.0 










TEST CONDITIONS 


Resistors Ratio 09 1.0 
Hi Level Input Voltage —0.8 —1.1 Vee =—5.0V,le=—100 yA 
Low Level input Voltage —1.0 —1.5 Vce=—0.2V, Ic =—5.0mA 
Turn on Time | FE Vcc =—5.0 V, RL =1.0 kQ 
Storage Time - Vin =—5.0V 
toff Turn off Time ’ PW = 2 us, Duty Cycle S2% 
NFE1 OC Current Gain : 34 Vee =-5.0V,lc=-—5.0mA 
hee2 DC Current Gain | Vce=—-5.0V,lc=-—50mA 
VCE(sat) Collector Saturation Voltage ‘ Ic = —5.0 mA, lp = —0.25 mA 
ICBO Collector Cutoff Current ) Veg =—50V,le =0 


Classification of heey, R4 




















Rank| a B Cc 
hee; Range 35 to 100 60 to 195 B85 to 340 


a 


7.0 to 10 to 13 


= kas hee 





PAS DEE AS REPRE ATL AE ee 
15.4 to 22.0 to 28.6 | 32.9 to 47.0 to G1.1 
ce et eee enn Aes a ee 


ee 


Ri Range (ko 
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TYPICAL CHARACTERISTICS (T, =25 °C) 


Rank A 
TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR TO EMITTER VOLTAGE vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 


















Free Air 


mA 


—0.8-- 


— 0.6) 





0.4 | 


Ic Collector Current 





~0.2| 


PT —Total Power Dissipation— mW 
VcE—Collector to Emitter Voltage—V 


0 25-50 75 100: 125 150 










Ta—Ambient Temperature ~ °C 0 20 -40 -60 ~—80 —10 0 —20 -40 -60 —80 100 
Vce—Collector to Emitter Voltage—V I¢ — Collector Current—mA 
DC CURRENT GAIN vs. COLLECTOR SATURATION VOLTAGE vs. INPUT VOLTAGE vs. 
COLLECTOR CURRENT > COLLECTOR CURRENT | COLLECTOR CURRENT 
500 = | , =& 1 a ——— 2 VCE = a _ 2.0 j i 
. | i} | = = SS S&S | 
oO 

200 > ~ 1.0 — = 
c = j 
= = wv 
& 100} « O0 
—_ { —_ hl 
S| 3 5 
3 50 — - 2 

~ o 

Oo 
a 3 = 
| 20] To) = 
a ia > 
a 





| 
VCE(sat) 


6.00 se oe es 
—1.0-2.0 -50 -10 —20 -—50-—-100 
Ic —Collector Current —mA 


0.5 rm Lt 
-10 -20 -§0-10 —20 —50 -— 100 


~10 -2.0 5.0 -10 —20 50—100 
lc Collector Current— mA 


Ic ~ Collector Current—mA 


COLLECTOR CURRENT vs. RESISTOR vs. SWITCHING TIME vs. 
AMBIENT TEMPERATURE COLLECTOR CURRENT 
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Vin—I!nput Voltage—V Ta~ Ambient Temperature — C I¢—Collector Current—mA 


884 


NEC ELECTRON DEVICE 


Rank B 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
~50 


Collector Current— mA 


IC 





0 -20 -40 -60 -80 —10 
Vce—Collector to Emitter Voltage—V 


> 10-—— 


COLLECTOR SATURATION VOLTAGE vs. 


> COLLECTOR CURRENT 
—2.0 — 
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o 
o 
cn 





VCE(sat)— Collector Saturation Voltage— 


—50--100 


-20 
I¢—Collector Current—mA 


—5.0 —10 


RESISTOR vs. 
AMBIENT TEMPERATURE 








R—Resistor—k® 


10 


oL_ 
—25 0 25 50 75 10C 


Ta—Ambient Temperature — °C 


VcE- Collector to Emitter Voltage 


COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 
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INPUT VOLTAGE vs. 
COLLECTOR CURRENT 







-Input Voltage—V 


2.0 H+ 
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Vin 
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SWITCHING TIME vs. 
COLLECTOR CURRENT 


tsw—switching Time— us 
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DC CURRENT GAIN vs. 


hee —~DC Current Gain 
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Rank C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
—50 —— = = —— 
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Vce- Collector to Emitter Voltage Vv 


COLLECTOR TO EMITTER VOLTAGE vs. 
COLLECTOR CURRENT 









—= — 


20-30 40 —50 
ic —Collector Current— mA 


INPUT VOLTAGE vs. 
COLLECTOR CURRENT 
50 
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SWITCHING TIME vs. 
COLLECTOR CURRENT 
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Pr mee 





—05 —-10-20 -5.0 -10 —-20 —50 
I¢— Collector Current—m&é 


lc —Collector Current — nA 





hre-DC Current Gain 





NEC ELECTRON DEVICE 





DC CURRENT GAIN vs. 
COLLECTOR CURRENT 





50 —100 
I¢— Collector Current—mA 


COLLECTOR CURRENT vs. 
INPUT VOLTAGE 


Vin—Input Voltage—V 
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ELECTRON DEVICE 


NPN SILICON TRANSISTOR 


2N3903 





DESCRIPTION The 2N3903 is designed for general purpose switching and 


amplifier application. PACKAGE DIMENSIONS 
in millimeters (inches) 


hy 


; . 5.2 MAX. 
FEATURES @ High Power : Py 625 mW at 25°C (0.204 MAX.) 


a ® High Voltage : Vee 40 V 


@ For Complementary Use with PNP Type 2N3905 


>< 
< 
= 
wo 
ce 
ph 
& 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............ —65 to +150 °C 
Junction Temperature........... 150 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C} 


Total Power Dissipation ..............0.. 625 mW > 

Maximum Voltages and Current (Ta = 25 °C) = 
uw 

Vera Collector to Base Voltage ..:..... 60 V = 

VcEa Collector to Emitter Voltage... ... 40 V 

Vero Emitter to Base Voltage......... 6.0 V Lica pa Pld. 

: | 2. BASE © JEDEC: 
lc Collector Current .. 203.5644: 200 mA 3. COLLECTOR IEC 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL CHARACTERISTIC IN. YP. ; . TEST CONDITIONS 
td Delay Time ‘ Vcc=3 V, Vap=-0.5 V 
ti: Rise Time : Ic¢=10 mA, 1B, =1.0MA 
tstg Storage Time Vec=3 V,lc=10mA 

ty Fall Time Ip1=—Ip2-1mA 

hee y* DC Current Gain VceE=1.0 V, Ic =100 wA 
heEeo* DC Current Gain Vce=1.0 V, Ic=1 mA 
hee3* DC Current Gain l VceE=1.0 V, Ic=10 mA 
heega* DC Current Gain Vcee=1.0 V, 1c =50 mA 
hFees* DC Current Gain VceE=1.0 V, Ic =100 mA 
VCE(sat)1* Collector Saturation Voltage 10 5 lc=10 mA, Ip=1.0 mA 





VCE(sat)2* Collector Saturation Voltage Pa F Ic=50 mA, Ip=5.0 mA 


* Pulsed PW =300 us, duty cycle =2% Additional characteristics on following page. 
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SYMBOL CHARACTERISTIC 


lceEx Collector Cutoff Current 
IBEX Base Cutoff Current 
BVcCBO Collector to Base Breakdown Voltage 60 
BVCcEO* Collector to Emitter Breakdown Voltage 40 
BVEBO Emitter to Base Breakdown Voltage 6.0 
VBE(sat)1* Base Saturation Voltage 0.65 
VBE(sat)2* Base Saturation Voltage 

Gain Bandwidth Product 250 

Output Capacitance 

Input Capacitance 

Input Impedance 

Voltage Feedback Ratio 

Small Signal Current Gain 

Output Admittance 


Noise Figure 
* Pulsed PW =300 us, duty cycle =2% 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE 


800 








400 





200 


Ic — Collector Current — mA 





PT — Total Power Dissipation — mW 


: 50 100 150 200 ‘0 02 O04 06 08 10 12 
Ta— Ambient Temperature — °C VBE — Base to Emitter Voltage — V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 


COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 
100 —— , 


SERENE Senna Geico anne eens ieee ee 
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-~-—+ ——+ i op tet he eee 


| | 
$$ $s 4 ft pap 


hee —DC Current Gain 





Ic — Collector Current — mA 








7 0 . : 
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~Voe—Collector to Emitter Voltage —V IC —Collector Current — mA 
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VCE(sat) — Collector Saturation Voltage —V 
VBE(sat) — Base Saturation Voltage — V 





I¢ — Collector Current — mA 





NEC ELECTRON DEVICE 





TEST CONDITIONS 


Vce=30 V, Vae=-3 V 
Vce=30 V, Vee=-3 V 
Ic=10 WA, IE =0 

1c=1.0 mA, |lp=0 

le =10 wA, Ic=0 

lc=10 mA, lp=1.0mA 

Ic=50 mA, |lp=5.0 mA 
VceE=20 V, Ic=10mA 
Vcp=5.0 V, le =0, f=1 MHz 
Vegp=0.5 V, Ic =0, f=1 MHz 
Vce=10 V, Ic=1 mA, f=1 kHz 
VceE=10 V, Ic=1 MA, f=1 kHz 
Vce=10 V, Ic=1 mA, f=1 kHz 
VceE=10 V, lc=1 mA, f=1 kHz 


VceE=5.0 V, Ic =0.1 mA, 
Rg=1 k2,f=10 Hz to 15.7 kHz 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





VceE — Collector to Emitter Voltage —V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 


°03 10 3.0 10 30 100 


I¢ —Collector Current —-mA 


NE Cc ELECTRON DEVICE 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 





ft — Gain Bandwidth Product — MHz 





—30 


—<0 


lc —Collector Current—mAé 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 





hre — Voltage Feedback Ratio— x 10~* 


Ic — Collector Current — mA 


TURN-ON TIME vs. 
COLLECTOR CURRENT 


) = Vor =30V 
it a a F ao00 : 


ton — Turn— on Time —ns 


40608010 20 40 | 


20 


Ic — Collector Current —mé 


Cob — Output Capacitance — pF 
Cib — Input Capacitance — pF 


hfe — Small Signal Current Gain 


tr — Rise Time —ns 


INPUT AND OUTPUT CAPACITANCE vs, 


REVERSE VOLTAGE 






f=1.0MHz- 
le =0 (Cob) 


Vcp — Collector to Base Voltage —V 
VeBR — Emitter to Base Voltage ~ V 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT: 





: | | 
0.1 0.3 1.0 3.0 10) 
I¢ — Collector Current —mA 


RISE TIME vs. 
COLLECTOR CURRENT 





OL : 
20 4.06,08.010 20 


l¢ — Collector Current — mA 


“O01 03 #10 #30 10 30 100 


2N3903 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 







Nie — Input Impedance -- ko 
on 
= 


I¢ — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


Vce=10¥V 





hoe — Output Admittance — «S 


0.1 03 1.0 3.0 10 


lc — Collector Current — mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 


ae ne a 1 ip1=—!g2 
400}-—+ abel 60 (ial I A eels 
200} ++ ptt 
' |) | |} Ig/ig=10~20 | 
eee 


+ - —4-- -+—_ 24-444 —_ ——_— 
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j ° | } j 
40 _ - + > . , +? ? ++ : aa 
q ; | 


tstg — Storage Time —ns 





meen | 
40 6080100 200 


10 mon 
2.0 40608010 20 
Ic — Collector Current — mA 
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FALL TIME vs. 
COLLECTOR CURRENT 


1000-—_—_-——. 2 2 eee aod "7 
sof Voc =30 ¥| 
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Ic —Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


Vep=-0.5V Vec= 






= & 
LLY 


= IL, 


0.1 uF 


10 ko 
100 2 


tre 1.05 
PW=300ns 
Duty cycle=2 % 


ton SWITCHING 


VaRp=+11V 





tr <G9.0 ns 
PW 2300 ns 
Duty cycle=2 % 


toff SWITCHING 


890 
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2750 


VOUT 


Yoc=+3.0 V 
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—+ trp -— 
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OUTPUT 10 
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ELECTRON DEVICE 








DESCRIPTION The 2N3904 is designed for general purpose switching and 


amplifier application. 


~ 


FEATURES @ High Power : Pr 625 mW at 25°C 
i ® High Voltage : Vee 40 V 
®@ For Complementary Use with PNP Type 2N3906 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............ —6§5 to +150 °C 
Junction Temperature .......... 150 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation ................ 625 mW 
Maximum Voltages and Current (Ta = 25 °C) 

Vcso Collector to Base Voltage........ 60 V 

VcEo Collector to Emitter Voltage....... 40 V 

VeRO Emitter to Base Voltage......... 6.0 V 

Ic Collector Current'............. 200 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP, MAX. 
tq Delay Time 35 
tr Rise Time 35 
tstg Storage Time 200 
t¢ Fall Time 50 
heEe1* DC Current Gain 40 150 

heEeQ* DC Current Gain 70 180 

hee3* DC Current Gain 100 200 300 
heeq* DC Current Gain 60 150 

hees* DC Current Gain 30 80 

VCE (sat)1* Collector Saturation Voltage 0.1 0.2 
VCE(sat)2* Collector Saturation Voltage 0.12 0.3 


* Pulsed PW =300 ws, duty cycle =2 % 





UNIT 


ns 
ns 
ns 


ns 


V 
V 


PACKAGE DIMENSIONS 


in millimeters (inches) 


(0.204 MAX.) . 
—————— 


2. BASE 


NPN SILICON TRANSISTOR 


2N3904 


5.2 MAX. 


) 
~| 


5.5 MAX. 
(0.216 MAX.) 


Ss 
o Fs 
& 

12.7 MIN. 

(0.5 MIN.) 


: 


2 MAX. 
(0.165 MAX.) 


Mi 


TEST CONDITIONS 


Vcec=3 V, Vepp=—0.5 V 
Ilc=10 mA, Igz=1.0 mA 
Vec=3 V, le@=10 mA 
le7=—lIpa=1mMmA 
VceE=1.0 V, lc=100 vA 
VceE=1.0 V, Ic=1 mA 
Vee=1.0V,Ilc=10mA 
Vce=1.0 V, Ic =50 mA 
Vce=1.0 V, lc =100 mA 
Ic=10 mA, Ig=1.0 mA 
Ic =50 mA, lp=5.0 mA 






















1. EMITTER EIAJ : SC-438 
JEDEC: TO-92 
3. COLLECTOR JEC : PASS 







Additional characteristics on following page. 
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SYMBOL CHARACTERISTIC ; TEST CONDITIONS 


— 


IcEx Collector Cutoff Current , | VcE=30 V, Veg=-3 V 

IpBeEx Base Cutoff Current : VcE=30 V, Vge=-3 V 

BVcBO Collector to Base Breakdown Voltage | Ic =10 WA, Ile =0 

BVcEO* Collector to Emitter Breakdown Voltage Ic=1.0 mA, |p=0 

BVEBO Emitter to Base Breakdown Voltage le =10 wA, Ic=0 

VBE(sat)1* Base Saturation Voltage 65 ' . lc=10 mA, |lp=1.0mA 

VBE(sat)2* Base Saturation Voltage : 0. - I¢=50 mA, Ip=5.0 mA 
Gain Bandwidth Product 3¢ VceE=20 V, ic=10 mA 
Output Capacitance : L. p Vop=5.0 V, le =0, f=1 MHz 
Input Capacitance . VeR=0.5 V, Ic=0, f=1 MHz 
Input Impedance j K VcEz10 V, Ic=1 mA, f=1 kHz 
Voltage Feedback Ratio ; ; . Vce=10 V, Ilc=1 mA, f=1 kHz 
Small Signal Current Gain Vce=10 V, Ic=1 mA, f= kHz 
Output Admittance - VceE=10 V, Ic=1 mA, f=1 kHz 


Vee =5.0 V, lc =0.1 mA, 


Noise Ej 
oise Figure Rg=1 kQ, f=10 Hz to 15.7 kHz 





* Pulsed PW <300 us, duty cycle <2? % 


TYPICAL CHARACTERISTICS (Ta=25 °C} 











TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER V@LTAGE tea aha TO EMITTER VOLTAGE 
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ft — Gain Bandwidth Product — MHz 


10-4 


hre — Voltage Feedhack Ratio — « 


ton -- Turn — on Time — ns 
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FALL TIME vs. 
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SWITCHING TIME TEST CIRCUIT 


Vap=—-0.5V Voc=+3.0V 





tr<1.0ns 
PW 2300ns 
Duty cycle=2 % 


ton SWITCHING VOLTAGE WAVEFORMS 


a 
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a | ‘stg i 


! ae 
OUTPUT Fone) 


—l 
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tr< 9.0 ns 
PW 2300 ns 
Duty cycle=2 % 


tof# SWITCHING VOLTAGE WAVEFORMS 


894 . 











ELECTRON DEVICE / 
/ 


——— rE el 





DESCRIPTION The 2N3905 is designed for general purpose switching and 
amplifier application. | PACKAGE DIMENSIONS 


in millimeters (inches) 


; 5.2 MAA, 
FEATURES ® High Power Pr  :625 mW at 25°C (0.204 MAX.) 


oe ® High Voltage Vceo : ~40 V 
@ DC Current Gain hee :50to 150 at-10 mA 
® For Complementary Use with NPN Type 2N3903 







5.5 MAX. 
(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


12.7 MIN. 
(0.5 MIN.) 





Storage Temperature. ..... ped soeee —65 to +150 °C 
Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) T = 
Total Power Dissipation. .... ee eee 625 mW Ee = 
Maximum Voltages and Current (Ta = 25 °C) s : 
Veso Collector to Base Voltage .. . ea e740 V 7 
VcEO Collector to Emitter Voltage. . . _. .-40 V - ae roa lg 
VeBo Emitter to Base Voltage ........ —50 ¥V¥ 3. COLLECTOR IEC : PA33 
lc Collector Current ............ —200 mA ——— 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
| tg Delay Time 35 ns Vcc=—3 V, VaR =0.5 V 
| t- Rise Time 35 ns I¢=-10 mA, 1By=—-1.0 mA 
| tstg Storage Time | 200 ns Vec=-3 V, Ic=—10 mA 
t¢ Fall Time 60 ns lpy=—lpa=—-1.0mA 
heei* DC Current Gain 30 55 = VceE=-1.0 V, lc =—-0.1 mA 
hee?" DC Current Gain 40 80 ™ Voce =-1.0 V, Ic =—-1.0 mA 
hee3* DC Current Gain 50 120 150 — Vege =-1.0V,lc=-10 mA 
hre4* DC Current Gain 30 100 - VcE=-1.0 V, I¢=—50 mA 
hees* DC Current Gain 15 80 ore VceE=-1.0 V, lc¢=—100 mA 
VCE (sat) 1* Collector Saturation Voltage —0.05 —0.25 VW Ic =—10 mA, Ip=-1.0 mA 
VCE (sat)2* Collector Saturation Voltage —0.2 —0.4 Vv lc =—50 mA, lp =—5.0 mA 
* Pulsed PW S300 us, duty cycle =2% Additional characteristics on following page. 
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2N3905 


SYMBOL 
ICEX 

IBEX 
BVCBO 
BVCEO* 
BVEBO 
VBE(sat)1* 
VBE(sat)2* 


CHARACTERISTIC 


Collector Cutoff Current 

Base Cutoff Current 

Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 
Base Saturation Voltage 

Base Saturation Voltage 

Gain Bandwidth Product 


~ Output Capacitance 


Input Capacitance 

Input Impedance 

Voltage Feedback Ratio 
Small Signal Current Gain 
Output Admittance 


Noise Figure 


* Pulsed PW <300 us, duty cycle =? % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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COLLECTOR CURRENT vs. _ 
BASE TO EMITTER VOLTAGE 
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VBE —Base to Emitter Voltage —V 


Ta — Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
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VCE — Collector to Emitter Voltage —V 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


=10 


Ic — Collector Current — mA 


—30 





~100 


VCE(sat) — Collector Saturation Voltage —V 


VBE(sat) — Base Saturation Voltage — V 





Ic — Collector Current — mA 





NEC ELECTRON DEVICE 





TEST CONDITIONS 


Vce=—30 V, Vpe=3.0 V 


Vce=—- 30 V, Veep =3.0 V 

Ic=—10 wA, le=0 

Ic=—1.0 mA, Ip=0 

lE=—10 uA, Ic=0 

Ic=-10 mA, lp=—-1.0 mA 

I¢=—50 mA, Ip=—5.0 mA 

VoE=-20 V, Ic=-10 mA 

Vcgp=—5.0 V, le=0, f=1 MHz 
Vep=—0.5 V, Ic=0, f=1 MHz 
VcE=-10.V, Ic=—-1.0 mA, f=1.0 kHz 
VcE=-10 V, Ic =—1.0 mA, f=1.0 kHz 
Vce=-10 V, Ic =-1.0 mA, f=1.0 kHz 
VcE=-10 V, Ic=—1.0 mA, f=1.0 kHz 


Vce=—5 V, lc =—0.1 mA 
RG=1 k&, f=10 Hz to 15.7 kHz 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


0 -10 ° -2° —30 -40 —50 
Vce —Collector to Emitter Voltage —V 
BASE AND COLLECTOR 


SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 





01 -03 -10 -30 -10 -30 —100 


l¢ —Collector Current —mA 


N: ix Cc ELECTRON DEVICE 


fT — Gain Bandwidth Product — MHz 


hre — Voltage Feedback Ratio— »10~¢ 


tr —Rise Time —ns 








GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 


= VCE=—10V 


1 -03 ~1.0 =30 it 


I¢ — Collector Current —mA 


RISE TIME vs. 
COLLECTOR CURRENT 


—40 -60-80-100 ~200 


-40~6.0-80-10 


28 -20 


I¢ — Collector Current — mA 


Cob — Output Capacitance — pF 


hfe — Small Signal Current Gain 


ton — Turn-on Time —ns 


INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 


Cib — Input Capacitance — pF 


-0.3 


=1.0 





3.0 


| IF = (Cob) 
| Ie=0 (Cib) 


~10 -30 100 


Vcp —Collector to Base Voltage —V 
Veg — Emitter to Base Voltage —V 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 
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TURN-ON TIME vs. 
COLLECTOR CURRENT 
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hoe — Output Admittance — 1S 


tstg — Storage Time —ns 


2N3905 





INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 








-3.0 


I¢ — Collector Current —mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


VCF= _ 10V) L | 
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STORAGE TIME vs. 
COLLECTOR CURRENT 






80F Sorte ic Ip=20- 
60th TI 
TTiiiit | 


0 
20  ~d0-6.0-80-10 -20  -40 -60-80-100 -200 


I¢ — Collector Current —mA 


89o7T 


NEC evecrron nevice 


S.A rn 


FALL TIME vs. 
COLLECTOR CURRENT 
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SWITCHING TIME TEST CIRCUIT 


Vep=+0.5V Voc=-3.0V 
? 
1000 3 2750 INPUT 


O.1 uF! lokn YOuT 


VIN 
ee ee 





2 100 0 | 
tres 1.0 ns. OUTPUT 
ZiIn=50 2 - 
PW= 300 ns 
Duty cycle=2 % 
VOLTAGE WAVEFORMS 


ton SWITCHING 


Vap=—-11V Vec=—3.0¥ 


INPUT 


+204 
a i 








OUTPUT 10% 





tr<1.0 ns 
PW2300ns 
Duty cycle=2 % 


tore SWITCHING VOLTAGE WAVEFORMS 
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ELECTRON DEVICE 












DESCRIPTION The 2N3906 is designed for general purpose switching and 
amplifier application. PACKAGE DIMENSIONS 


in millimeters (inches) 


im 


FEATURES ® High Power P- : 625mWat 25°C 
r ® High Voltage Vceo : -40V 
. ® High DC Current Gain hee : 100 to 300 at-10mA 
® For Complementary Use with NPN Type 2N3904 


ABSOLUTE MAXIMUM RATINGS 





gz 
Maximum Temperatures = [= 
4 ins 
Storage Temperature............ —65 to +150 °C < = | 
—, m7 
Junction Temperature ........... 150 °C Maximum 5 S 
Maximum Power Dissipation (Ta = 25 °C) , | t. — 
Total Power Dissipation. ............... 625 mW |= = 
Pa 
Maximum Voltages and Current (Ta = 25 ~C) iS | 
VcBo Collector to Base Voltage ..... ~..740 V | 
VcEo Collector to Emitter Voltage... ... -40 V 1, EMITTER EIAJ : SC-43B 
2. BASE JEDEC. TO-92 
VeBO Emitter to Base Voltage........ -5.0 V 3. COLLECTOR IEC : ?A33 
le Collector Current ............ -200 mA . 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 






SYMBOL CHARACTERISTIC _ IN. P. K. UNIT TEST CONDITIONS 


td Delay Time 3 ns Vec=—3 V, Vegp=0.5 V 

tr Rise Time ns lc =—10 mA, Igpz=—-1.0mA 
tstg Storage Time 2’ ns Vec=~3 V, Ic=-10 mA 

tf Fall Time lp1=—lp2=-1.0 mA 
hee1* DC Current Gain 7 Vce=-1.0 V, Ic =—0.1 mA 
hFE2* DC Current Gain | Vce=-1.0-V, I¢=-1.0 mA | 
heE3* DC Current Gain | 3 Vee =-1.0 V, le=-—10 mA 
heeg* DC Current Gain Vce=-1.0 V, Ic =—-50 mA 
heEeS* DC Current Gain Voce =-1.0 V, Ilc=—100 mA 
VCE(sat)1* Collector Saturation Voltage ) Ic=—10 mA, Ip=—1.0 mA 
VCE(sat)2* Callector Saturation Voltage : : lc =—-50 mA, !p=-5.0 mA 


* Pulsed PW <300 us, duty cycle 32% Additional characteristics on following page. 


2N3906 


SYMBOL 


CHARACTERISTIC 


Collector Cutoff Current 
Base Cutoff Current 


ICEX 
IBEX 
BVCBO 
BVCEQ* 
BVEBO 
VBE(sat)1* 
VBE (sat) 2* 
'T 

Cob 

Cib 


Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 
Base Saturation Voltage 
Base Saturation Voltage 
Gain Bandwidth Product 
, Output Capacitance 
Input Capacitance 
Input Impedance 
hre Voltage Feedback Ratio 
Small Signal Current Gain 
Output Admittance 


Noise Figure 


* Pulsed PW <300 us, duty cycle <2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Vee — Collector to Emitter Voltage —V I¢ — Collector Current — mA 
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NEC ELECTRON DEVICE 





TEST CONDITIONS 
Vee =-30 V, Vee =3.0 V 
Voce =—30 V, Vee =3.0 V 
Ic=-10 WA, Ip=0 
Ic=-1.0 mA, Ip=0 
le =—10 wA, Ic =0 
Ic=-10 mA, lp=—1.0 mA 
Ic=—50 mA, Ip=-5.0mA 
Vce=—-20 V, Ilc=-10 mA 
Vop=—5.0 V, Ie =0, f=1 MHz 
Veg=—0.5 V, Ic =0, f= 1 MHz 
VcE=~1Q V, Ic =—-1.0 mA, f=1.0 kHz 
VcE=—-10°V, I¢=-1.0 mA, f=1.0 kHz 
VcE=-10 V, Ic=—1.0 mA, f= 1.0 kHz 
VcE=-10 V, Ic=—-1.0 mA, f=1.0 kHz 


Voce =—5.0 V, Ic =—-0.1 mA, 
Rg=1 kQ, f=10 Hz to 15.7 kHz 


COLLECTOR CURRENT vs, 
COLLECTOR TO EMITTER VOLTAGE 
206 : : 
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NEC ELECTRON DEVICE 


tt —Gain Bandwidth Product — MHz 


x 174 


hra — Voltage Feedback Ratio — 


ty — Rise Time —ns 





GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


Voe=-20V 


et 
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lc—Coilector Current=_mA. 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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aq 
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ic — Collector Current —mA 


RISE TIME vs. 
COLLECTOR CURRENT 
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-40 -60-80-100 -200 


l¢ — Collector Current — mA 


Cob — Output Capacitance — pF 
Cib — Input Capacitance — pF 


hia — Small Signal Current Gain 


ton — Turn- on Time —ns 


1000 — 





INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 


Ill) f=1.0 MHz 
rt aby 


li le =0 (Cop) 
Cit) 


} WH Ir=0 
aoe es an | fe 





-03 -10 


Vcp — Collector to Base Voltage —\ 
VeR — Emitter to Base Voltage —V 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 


ic 


—0.3 ~1.0 


I¢ — Collector Current — mA 


TURN-ON TIME vs. 
COLLECTOR CURRENT 





- 2 -40 -60-80-100 -200 


I¢ — Collector Current — mA 


hie — Input Impedance — kQ 


hoe — Output Admittance — «5 


tstg —Storage Time —ns 
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INPUT ..IMPEDANCE vs. 
COLLECTOR CURRENT 
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OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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FALL TIME vs. 
COLLECTOR CURRENT 
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SWITCHING TIME TEST CIRCUIT 


VeR=7t05V Vec=—-3.0\% 


1002 62750 
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PW=300ns 
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DESCRIPTION 


FEATURES 


" 


ELECTRON DEVICE 


_ 


ABSOLUTE MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 







‘stg 

tf 

NFE1* 
hFEQ* 
VCE (sat) * 
VBE (sat) * 










* Pulsed PW <3090 us, duty cycle <2 % 


SYMBOL 











The 2N4123 is designed for general purpose switching and 
amplifier applications. PACKAGE DIMENSIONS 


in millimeters (inches) 





Maximum Power Dissipation (Ta = 25 °C) 


5.2 MAX. 
@ High Power : Py 625 mW at 25°C (0.204 MAX.) _ 
@ hee : 5O to 150 at 2mA | 
® For Complementary Use with PNP Type 2N4125 | 3 
4 bo 
i = = 
jin = 
Maximum Temperatures | Rim: 3 ; | 
| Zz 
Storage Temperature............ —65 to +150 “C SH cae Oe Ps == 
Junction Temperature .......... 150 “C Maximum | | os. 
P _ a = D ! 
| rm 
== 





Total Power Dissipation. ............... 625 mW 


NPN SILICON TRANSISTOR 


2N4123 


SL 






x 
Maximum Voltages and Current (Ta = 25 °C} = 
VcBo Collector to Base Voltage ........ 40 V 3 
Vceo Collector to Emitter Voltage...... 30 V 
VEBO Emitter to Base Voltage.......... 5 V Eee. | EpAe . * Se eee 
2. BASE JEDEC: TO-92 
Ic Collector Current ............. 200 mA 3. COLLECTOR EC =: PA33 
= | 






CHARACTERISTIC TEST CONDITIONS 


Delay Time 20 ns I¢=10 mA, Vec=3 V 
Rise Time 13 ns Vep=-0.5 V,ipi=1 mA 
Storage Time 100: ns Ic=10 mA, Vec=3 V 
Fall Time 21 ns IpBi1=~lpa=1 mA 

DC Current Gain 50 110 150 = Vce=1.0 V, Ilc=2.0 mA 
DC Current Gain 25 110: = VceE=1.0 V, lc =50 mA 
Collector Saturation Voltage 0.15 0.3 V Ic =50 mA, Ilp=5.0mA 
Base Saturation Voltage 0.8 0.95 V Ic =50 mA, Ip=5.0 mA 








Additional characteristics on following page. 
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2N4123 


SYMBOL 


CHARACTERISTIC 


Collector Cutoff Current 
Emitter Cutoff Current 
Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 
Small Signal Current Gain 
High Frequency Current Gain 
Gain Bandwidth Product 

~Output Capacitance 
Input Capacitance 


Noise Figure 


* Pulsed PW =300 us, duty cycle =2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
100 arene 


800 











Voe=l0v = 


z 
| = 30) * a 
¢ | =Ta=75 07 
— Lc 10 [ 
8 s YES STa=35 C= 
= 
ad 5 3.0/— 
= F 
& = 10& 
= i 
— 
, 2 3] 
£ | 
ee | } 
- 0.1 = 
0 50 100 150 200 0 o2 O04 O68 og 10 


Ta — Ambient Temperature — °C 


Ver — Base to Emitter Voltage — V 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


DC CURRENT GAIN vs, 
COLLECTOR CURRENT 


na ne pe 
ee ee ee 


; oe te 
ee es ee | ee ee | —4— is 
-__-- es om ae de mah a i i 
| 


hee — DC Current Gain 


eS | ee | 


lc — Collector Current — mA 





| 19\— | Lu 
0.8 2.0 01 03 30 10 30 


o  —o4 


1.6 


Voce — Collector to Emitter Voltage lc —Collector Current — mA 
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VCE(sat) — Collector Saturation Voltage — V 
VBE(sat) — Base Saturation Voltage —V 





lc — Collector Current = mA 


NEC ELECTRON DEVICE 





TEST CONDITIONS 
Vcp= 20 V, le=0 
VeB=3.0 V, Ic=0 
lc=10 pA, IE=0 
Ic=1.0 mA, Ip=0 
leE=10 vA, Ic =0 
Vc|e=10 V,1¢=2.0 mA, f=1.0 kHz 
Vce= 20 V,Ilc=10 mA, f=100 MHz 
Vce= 20 V,1c=10 mA, f=100 MHz 
Veg =5.0 V, le=0, f= 1 MHz 
Veg=0.5 V, lc=0, f= 1 MHz 


Vce=5.0 Velc=100 vA, Rg=1 ko 
f=10 Hz to 15.7 kHz 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Voce — Collector to Emitter Voltage —V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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I¢ —Collector Current — mA 
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ff — Gain Bandwidth Product — MHz 
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hre — Voltage Feedhack Ratin— * 


ton — Tum-on Time —ns 











GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current — mA 


TURN-ON TIME vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current — mA 


Cob — Output Capacitance — pF 
Cib — Input Capacitance — pF 
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hfe — Small Signal Current Gain 


tr — Rise Time—ns 


INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 
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Vcg — Collector to Base Voltage —V 
Vep — Emitter to Base Voltage —V 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 
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lc — Collector Current —mA 


RISE TIME vs. 
COLLECTOR CURRENT 
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INPUT.IMPEDANCE vs. 
COLLECTOR CURRENT 
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lc — Collector Current — mA 
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FALL TIME vs. 
COLLECTOR CURRENT 
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lc —Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


Ves=-O0.5V Vec=1t3.0V 


100 2 
1L1V | | 0.1 uF 
oar VIN 


190 0 


LO Ke 





tps 1Ons 
PW2300ns 
Duty cycle=? % 


ton SWITCHING VOLTAGE WAVEFORMS 


VBB=+1iV Voc=+3.0V 
INPUT 






OUTPUT 





tr< 9.0 NS. 
PW = 300 ns 
Duty cycle=2 % 


tore SWITCHING VOLTAGE WAVEFORMS 
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NPN SILICON TRANSISTOR 


2N4124 
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ELECTRON DEVICE 








DESCRIPTION The 2N4124 is designed for general purpose switching and 
amplifier applications, PACKAGE DIMENSIONS 


in millimeters (inches) 


"a 


O.2 MAX. 
FEATURES @ High Power : Pr 625 mW at 25°C : (0.204 MAX.) 


® High hee ; 120 to 360 at 2mA 
® For Complementary Use with PNP Type 2N4126 
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ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............ —65 to +150 °C 
Junction Temperature .......... 150 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation. ..............-. 625 mW 
Maximum Voltages and Current (Ta = 25 °C) 
Vcso Collectar to Base Voltage ........ 30 V 
VcEO Collector to Emitter Voltage. -.... 25 V 
VEBo Emitter to Base Voltage .......... 5 V 1. EMITTER EIAJ : SC-436 
2. BASE JEDEC: TO-92 
lc Collectar Current .............200 mA 3. COLLECTOR IEC : PA33 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) ; : _ | 
SYMBOL CHARACTERISTIC N. TEST CONDITIONS 






Delay Time ) Ic=10 mA, Vec=3 V 
Rise Time VeR=—0.5 V, lp z=1 mA 


tstg Storage Time Ic=10 mA, Voc =3 V 

tf Fall Time Ip,=—-lpo=1mA 
heey* DC Current Gain Vc|Ee=1.0 V, Ic=2.0 mA 
hee DC Current Gain Vce=1.0 V, Ic =50 mA 
VCE(sat)* Collector Saturation Voltage 3 Ic =50 mA, Igp=5.0 mA 
VBE(sat)* Base Saturation Voltage I¢=50 mA, Ip=5.0 mA 





* Pulsed PW =300 us, duty cycle 22% Additional characteristics on following page. 
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SYMBOL CHARACTERISTIC 


Collector Cutoff Current 
Emitter Cutoff Current 


ICBO 
lEBO 
BVcBO 
BVCEO* 
BVEBO 
hfe 

lhfe| 


Small Signal Current Gain 
High Frequency Current Gain 
Gain Bandwidth Praduct 

~ Output Capacitance 

° Input Capacitance 


Noise Figure 





* Pulsed PW =300 us, duty cycle S2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Vce — Collector to Emitter Voltage — V 
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Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 






a 


04 06 O08 


VBE - 


DC CURRENT GAIN vs. 
COLLECTOR 





20 10 
I¢ — Collector Current — mA 


CURRENT 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


1.0 


Base to Emitter Voltage — V 


1.2 


VCE(sat) — Collector Saturation Voltage — V 
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TEST CONDITIONS 


Vcop= 20 V, |le=0 

Vep=3.0 V, lc=0 

I¢=10 wA, IE=0 

Ic=1.0 mA, !B=0 

le=10 wA, Ic=0 

Vce=10 V, I¢=2.0 mA, f=1.0 kHz 
VcE= 20 V, lo= 10 mA, f= 100 MHz 
VcE= 20 V, I¢= 10 mA, f=100 MHz 
Vcp=5.0 V, le=0, f=1 MHz 
Vep=0.5 V, Ic=0, f=1 MHz 
Vce=5.0 Vic =100 wA, Rg=1 kQ 


f=10 Hz to 15.7 kHz 


VBE(sat) — Base Saturation Voltage — V 


lc — Collector Current — mA 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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VCE — Collector to Emitter Voltage —V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs, COLLECTOR CURRENT 
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Ic — Collector Current — mA 
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ft —Gain Bandwidth Product — MHz 


hre — Voltage Feedback Ratio — <10~“ 


ton — Turn-on Time —ns 







GAIN BANOWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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Ie—Collector Current—mA 
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VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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Ic — Collector Current — mA 


TURN-ON TIME vs. 
COLLECTOR CURRENT 


a 4 vec =30V 
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20 


l¢ — Collector Current —mA 


Cob — Output Capacitance — pF 
Cib — Input Capacitance — pF 


hfe — Small Signal Current Gain 


ty — Rise Time — ns 


INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 
30 







f=1LOMHz | 
| le =0 (Cop) 
ii Ic=0 (Cip) 
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Vop — Collector to Base Voltage —V 
Vep — Emitter to Base Voltage — V 


0.3 
0.1 3.0 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT ° 
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I¢ — Collector Current — mA. 


RISE TIME vs. 
COLLECTOR CURRENT 
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INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 
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FALL TIME vs. 
COLLECTOR CURRENT 


tf —Fall Time —ns 
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SWITCHING TIME TEST CIRCUIT 


Veg=-O5V Vec=+3.0V 






VOUT 


om 
LL.IV 0.1 #F 


, o/ 
100 2 





trs 1.0 ns 
PW2300ns 
Duty cycle=2 % 


VOLTAGE WAVEFORMS 


ton SWITCHING 


Vep=711V Voc = +3.0V 
INPUT 


VOUT 
OU al gg 






pa VIN 
-20V | 

—- 
OUTPUT 





tr<9.0 ns 
PW = 300 ns 
Duty cycle=2 % 


to## SWITCHING VOLTAGE WAVEFORMS 
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DESCRIPTION The 2N4125 is designed for general purpose switching and — 
amplifier applications. 
FEATURES @ High Power Pr  : 625 mWat 25°C 
‘ ®hre : 50 to 150 at-—2 mA 


® For Complementary Use with NPN Type 2N4123 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature.............765 to +150 °C 
Junction Temperature ........... 150 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation. ............. . 625 mW 
Maximum Voltages and Current (Ta = 25 °C) 

VcBo Collector to Base Voltage........ -30 V 

VcEO Collector to Emitter Voltage. .....-30 V 

VEBO Emitter to Base Voltage ........ -4.0 V 

Ic Collector Current ............ —200 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


TYP. MAX. 


SYMBOL CHARACTERISTIC MIN. 

tq Delay Time 8.0 

tr Rise Time 28 

tstg Storage Time 130 

tf Fall Time 40 

heei* DC Current Gain 50 110 150 
heeo* DC Current Gain 25 95 

VCE (sat) * Collector Saturation Voltage —-0.1 —-0.4 
VBE(sat)* Base Saturation Voltage —0.85 —0.95 


* Pulsed PW =300 us, duty cycle 32 % 





PNP SILICON TRANSISTOR 


2N4125 





PACKAGE DIMENSIONS 


in millimeters (inches) 








5.2 MAX. 
(0.204 MAX.) | 
7 | —. 
lod 25 
iss 
li a 
- | ww 
| s 
0.45 | 
(0.018. => 
(0.018) Zz 
<2 |8s 
<= | 
a A 
no 
. a2 
(0.05) i i: 
~~ <t | 
== 
ys 
1s 
1. EMITTER EIAJ : §C-43B 
2. BASE JEDEC: TO-92 
3. COLLECTOR |EC : PASS 
a _ . I 
UNIT TEST CONDITIONS 
ns Ic=-10 mA, Vec=-3 V 
ns Vep=0.5 V, Igy=-1 mA 
ns lc=-10 mA, Vec=-3 V 
ns iB1=—lp2=-1 mA 
— Vee=—1.0 V, le=-2.0 mA 
= VceE=—-1.0 V, Ilc¢=—-50 mA 
V Ic=-50 mA, Igp=-5.0 mA 
V Ic=—-50 mA, Ip=-5.0 mA 


Additional characteristics on following page. 
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SYMBOL CHARACTERISTIC IN. ; : TEST CONDITIONS 


ICBO Collector Cutoff Current Vcp=—20 V, le=0 

lEBO Emitter Cutoff Current Veg=—3.0 V, Ic =0 

BVcBo Collector to Base Breakdown Voltage [c=-10 pA, le=0 

BVcEO* Collector to Emitter Breakdown Voltage = - \ ic=-1.0 mA, I_p=0 

BVERO Emitter to Base Prealcyin Voltage —4, lE=-10 wA, Ic =0 

hfe Small Signal Current Gain - Vce=—10 V, le=—2.0 mA, f=1.0 kHz 
lhte| High Frequency Current Gain : ‘ = Vce=—-20 V, Ic =—-10 mA, f= 100 MHz 
fT Gain Bandwidth Product 2 it MHz Voce =-20 V, lc=-—10 mA, f=100 MHz 
Cob ~Output Capacitance ; oF : pF Vce=—5.0 V, le =0, f=1 MHz 

Cib Input Capacitance ; pF VeEp=—0.5 V, Ic=0, f=1 MHz 


Vce=—5.0 VM, Ic =-100 uA, Rg=1 k2 


NF Noise Figure dB f=10 Hz to 15.7 kHz 





* Pulsed PW =300 ws, duty cycle <2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs.. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
















B00 100 
= 
E <x 
| e x 
& 600 A E 
s S a 
3 eS : 
fast , E 
> 400 5 3 
= a 
= a S 
& a rs) 
= a E 
= 200 | 3 
= oO 7 
| 
be 2 
~ aig ene. ae. COR = aie 
| , ~ _— 0 ~02 -04 -06 -08 -10 -12 
q 50 100 150 200 0 10 "39 30 40 = 
- Tem oe VBE —Base to Emitter Voltage —¥ 
Ta — Ambient Temperature — Vege —Collector to Emitter Voltage — V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT 
o > 
a | 
<= = 
—8O = » 
1 : an 
ze S § 5 
r -60 Ee S 
= _ 5 [= 
Ss i 2 
B ~40 3 £3 
3 | 2 » 
x | Li 6 & 
I aa = o ow 
= si | 
s 5 
a 
; ee 2 ——————————————— oo a es aes 
0 ~O.4 —0.8 =1.2 Ey. Ped) -§1 -03 —-10 30 -10 -30 -100 > = =01 -02 -10 -320 -10:1=-320 =-100 
VcE — Collector to Emitter Voltage —V l¢ —Collector Current — mA i¢ —Collector Current —mA 


912 


NEC ELECTRON DEVICE 


?T ~Gain Bandwidth Product — MHz 


«1074 


hre — Voltage Feedback Ratio — 


tr — Rise Time — ns 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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i¢—Collector Current—mA 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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lc — Collector Current — mA 


RISE TIME vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current — mA 


Cob — Output Capacitance — pF 
Cib — Input Capacitance — pF 


hfe — Small Signal Current Gain 


ton — Turn-on Time — ns 





INPUT AND OUTPUT CAPACITANCE vs. 
REVERSE VOLTAGE 
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VcB — Collector to Base Voltage —V 


VeR— Emitter to Base Voltage — V 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT: 


hoe — Output Admittance — 4S 
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l¢ — Collector Current — mA 


TURN-ON TIME vs. 
COLLECTOR CURRENT 


tstg ~ Storage Time — ns 


lc — Collector Current — mA 


2N4125 





INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 





| —1.0 


I¢ — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 





I¢ — Collector Current — mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 
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FALL TIME vs. 
COLLECTOR CURRENT 








iz | Ipi= —Ip2 


ty — Fall Time —ns 
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Ic — Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


Vap=+0.5V Vec=—-3.0V 


> 2750 


Vv 
VIN O1eF) 10K0 eds 
auivLt 
100.0 
tr< 1.0 ns te be 
Zin =50 0 
PW2 300 ns 


Duty cycle=2 % 
ton SWITCHING 


Vec= =3.0V 


Veg=—11V 


YOUT 


+20V 
ot oL VIN 





tr= 1.0ns 
PW=300 ns 
Duty cycle=2 % 


to¢¢ SWITCHING 
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OUTPUT 


VOLTAGE WAVEFORMS 


INPUT 
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OUTPUT 10% 
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DESCRIPTION The 2N4126 is designed for general purpose sWitching and 
amplifier applications. 


ag: 


PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 


FEATURES @ High Power Pr : 625 mW at 25°C (0.204 MAX.) 


_ ® High hee . - 120 to 360 at —2 mA 
® For Complementary Use with NPN Type 2N4124 


5.5 MAX 
(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. —6§5 to +150 °C 


(0.5 MIN.) 


Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C) 

Total Power Dissipation. .............4. 625 mW 
Maximum Voltages and Current (Ta = 25 °C) 


4.2 MAX. | 
(0.165 MAX.) 


Vesa Collector to Base Voltage ........-25 V 

VcEa Coilector to Emitter Voltage . . -2,,725 V 

Vega Emitter to Base Voltage........ —-40 V 1. EMITTER EIAJ : SC-438 
2. BASE JEDEC: TO-92 

lc Collector Current ............ —-200 mA 3.COLLECTOR IEC : PA33 





ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 









SYMBOL TEST CONDITIONS 





CHARACTERISTIC 










Delay Time 8.0 ns Ic=-10 mA, Vec=-3 V 


tr Rise Time 23 ns VER =0.5 Vv, IB =—4 mA 
tstg Storage Time 130 ns Ic¢=-10 mA, Vec=-3 V 

ty Fall Time 40 ns 'Bi=—-lB2=-1 mA 

heey DC Current Gain 120 160 360 — VceE=-1.0 V,Ic¢=-2.0 mA 
heeo* DC Current Gain 60 150 ad VceE=-1.0 V, Ilc=-50 mA 
VCE(sat)* Collector Saturation Voltage -0.1 -0.4 V Io=—50 mA, Igp=—-5.0mA 










VBE(sat)* Base Saturation Voltage lc =—-50 mA, |p=—-5.0 mA 


* Pulsed PW =300 us, duty cycle =7% Additional characteristics on following page. 
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2N4126 


SYMBOL 


CHARACTERISTIC 


Collector Cutoff Current 
Emitter Cutoff Current 


ICBO 
lEBO 
BVcBO 
BVCEO”" 
BVEBO 
Nfe 

|hfe| 

fT 

Cob 

Cib 


Small Signal Current Gain 


Gain Bandwidth Product 
=" Output Capacitance 
Input Capacitance 


NF Noise Figure 


* Pulsed PW <300 us, duty cycle <2% 


Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 


High Frequency Current Gain 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


Pt — Total Power Dissipation — mW 


I¢ — Collector Current — mA 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 










200 
Ta — Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Vce — Collector to Emitter Voltage —V 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


Ic — Collector Current — mA 


VBE —Base to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


here —DC Current Gain 


-30 


—0.3 


lc —Collector Current — mA 








VCE(sat) — Collector Saturation Voltage —V 


VBE(sat) — Base Saturation Voltage — V 





I¢ — Collector Current — mA 
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TEST CONDITIONS 


Vcep=-20 V, Ile=0 

Vesp=—3.0 V, [c= 

Ic=-10 wA, Ie=0 

lc=-1.0 mA, Igp=0 

le=-10 pA, Ic=0 

VceE=-10 V, lc¢=~-2.0 mA, f=1.0 kHz 
Vce=—-20 V, Ic =-10 mA, f=100 MHz 
VcE=-20 V, Ic =—10 mA, f=100 MHz 
Vcop=—5.0 V, Ile =0, f=1 MHz 
Vep=—0.5 V, Ic=0, f=1 MHz 


VcE=~5.0'V, I¢=~100 WA, Rg=1 k& 
f=10 Hz to 15.7 kHz 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Vee —Collector to Emitter Voltage — V 


BASE AND COLLECTOR SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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GAIN BANDWIDTH PRODUCT vs, INPUT AND OUTPUT CAPACITANCE vs. INPUT .IMPEDANCE vs. 
COLLECTOR CURRENT REVERSE VOLTAGE COLLECTOR CURRENT 


30 wal 
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Cob — Output Capacitance — pF 
Cih — Input —— — pF 


ft —Gain Bandwidth Product — MHz 
hie — Input Impedance — ko 





3 ; 
-0.1 -03 -10 -30 -10 -30 -100 
Ic—Coilector Current—mA. Vcp — Collector to Base Voltage —V ic — Collector Current — mA 
VER — Emitter to Base Voltage —V 


VOLTAGE FEEDBACK RATIO vs. SMALL SIGNAL CURRENT GAIN vs, OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT COLLECTOR CURRENT COLLECTOR CURRENT 





hre — Voltage Feedback Ratio — x10~* 








=| ie 
a = 
= E 
3 
& < 
= 3 
= £ 
=| 
& ri 
A g 
3 = aa } | = 
0 -- ~ —— 10" = , 
0.1 -03 -10 -30 —10 —0.1 -03 —1.0 —3.0 ~10 -0.1 -03 -10 3.0 —10 
I¢ — Collector Current — mA Ic — Collector Current — mA Ic — Collector Current —mA 
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FALL TIME vs. 
COLLECTOR CURRENT 

















ty — Fall Time —ns 


-20 =40-60-86-16 -20 -40 ~60-80- 100-209 


I¢ — Collector Current —- mA 
SWITCHING TIME TEST CIRCUIT 


Vag=+0.5V Vec=—-3.0V 
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| oe 3 275.0 
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VIN a fe ee 
saad 4 
+1009 | 
tre< 1.0ns 5 


Zij=50 0 
PW=300ns 
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NPN SILICON TRANSISTOR 


2N4400 


E 


ELECTRON DEVICE 








DESCRIPTION The 2N4400 is designed for general purpose switching and 
amplifier applications. PACKAGE DIMENSIONS 


in millimeters (inches) 





"a 






FEATURES @ High Power . . . Py 625 mW at 25 °C Rhee 
oe @ High Voltage. . . Vee 40 V rT. 
| @ DC Current Gain hee 50 to 150 at 150 mA arr | ar 
@ For Complementary Use with PNP Type 2N4402 & < e 
un 
ABSOLUTE MAXIMUM RATINGS OAs ae 7 
Maximum Temperatures roe ‘32 
Storage Temperature........... —65 to +150 °C | <3 Re 
Junction Temperature .......... 150°C Maximum | ee Lt = 3- = 
Maximum Power Dissipation (Ta=25 C) face C77 ae - 
Total Power Dissipation. ..............4. 625 mW ; E: = | 
Maximum Voltages and Current (Ta=25 C) 2 o 
Vcso Collector to Base Voltage....7... 60 V ——————— 
VcEO Collector to Emitter Voltage. ..... 40 V | 1. EMITTER EIAJ : SC-43B 
VeEBO Emitter to Base Voltage ......... 6.0 V a Sees rite | Laie 
le Collector Current ............. 600 mA ee ee 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL CHARACTERISTIC : TYP. - TEST CONDITIONS 
td Delay Time Vec=30 V, 1l¢=150 mé 
ty Rise Time Ipi=15 mA, Veg=-2V 
tstg Storage Time Voeco=30 V, lc=150 mA 
tf Fall Time Bi“ =!B2* Tan 
heey DC Current Gain Vce=1.0 V, lc=1.0mA 
hFe? DC Current Gain Vce=1.0 V, lc =10 mA 
HhFE3* DC Current Gain Vce=1.0 V, lc =150 mA 
hFe4* De Current Gain 7 Vce=2.0 V, l¢=500 mA 
VCE (sat)1* Collector Saturation Voltage : Ic=150 mA, |lp=15mMA 

VCE lsat) 2* Collector Saturation Voltage . lc =500 mA, Ip=50 mA 


*Pulsed PW <300 us, duty cycle <2? % Additional characteristics on following page. 
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CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 






SYMBOL 
















IcEx Collector Cutoff Current 100 nA Vce=35 V, Vee=—-0.4 Vv 

IBEx Base Cutoff Current ~100 nA Vce=35 V, Vpe=-0.4 V 

BVcBpo Collector to Base Breakdown Voltage 60 V lc =100 wA, Ie =O 

BVCEO* Collector to Emitter Breakdown Voltage 40 V Ic=1.0 mA, Ig=0 

BVEBO Emitter to Base Breakdawn Voltage 6.0 V le =100 vA, Ic=0 

VBE (sat)1* Base Saturation Voltage 0.75 0.85 0.95 V Ic =150 mA, Ip=15 mA 

VBE (sat)2* Base Saturation Voltage 1.0 1.2 Vv Ic =500 mA, |p=50 mA 

f+ Gain Bandwidth Product 200 400 MHz Vce=10 V, Ic =20 mA 

Cob ~Output Capacitance 4.5 6.5 pF Vcp=5.0 V, le=0,f=1 MHz 

Cib Input Capacitance 21 30 pF VeR=0.5 V, Ic=0,f=1 MHz 

hie Input Impedance 0.5 3.0 7.6 kQ Vce=10 vy, Ic=1.0 mA, f=1.0 kHz 
Hre Voltage Feedback Ratio 0.1 3.5 8.0 x107* Vce=10 V, lc =1.0 mA, f=1.0 kHz 
hfe Small Signal Current Gain 20 150 250 -- Vce=10 V, I¢=1.0 mA, f=1.0 kHz 
hoe Output Admittance 1.0 14 30 uS Voe=10 V, le =1.0 mA, f=1.0 kHz 





* Pulsed PW S 300 us, duty cycle S 2% 


TYPICAL CHARACTERISTICS (Ta=25 °C) 






















TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
Boo a ao O = C = > =] aro ee si ; 
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Ta— Ambient Temperature — °C VaE — Base to Emitter Voltage — vi Vce — Collector to Emitter Voltage —V 
es BASE AND COLLECTOR 
COLLECTOR CURRENT vs, DC CURRENT GAIN vs. SATURATION VOLTAGE vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT > COLLECTOR CURRENT 
eee 00 i 
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VcE — Collector to Emitter Voltage — | 
CE a Emit gltage —V lc — Collector Current — mA I¢ — Collector Current — mA 
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Cob -- Output Capacitance —pF 


hre — Voltage Feedback Ratio — «107 


tqd— Delay Time —ns 


INPUT AND OUTPUT CAPACITANCE 
vs. REVERSE VOLTAGE 
196 eT an agar : 







f=10MHz | 
le = 0(Cob) 
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Veg —Collector to Base Voltage — V 
Veg — Emitter to Base Voltage —\ 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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l 0.3 


3.0 iC 


i¢ — Collector Current — mA 


DELAY TIME vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current — mA 


hfe — Small Signal Current Gain 


ty —Rise Time —ns 


it —Gain Bandwidth Product — MHz 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 
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100 


ic—Collector Current—mA 


SMALL SIGNAL CURRENT GAIN 
vs. COLLECTOR CURRENT 
font KAZ 
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lc — Collector Current — mA 


RISE TIME vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current — mA 


hie — input Impedance — kQ 


hoe — Output Admittance — pS 


tstg — Storage Time —ns 
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INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 


Vop= LOV 
f=1 kHz 








i Oe3 1.0 3.0 10 


Ic — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


VoE=10¥ 





—i—i—}- 


5.3 1.0 


Ic — Collector Current — mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 


Pap Ep Voc =30¥ 
Cy le1 =—Ie2 
4 + ia mall |g Ip=10to20 
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ic — Collector Current — mA 
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FALL TIME vs. 
COLLECTOR CURRENT 


tt — Fall Time —ns 





50 10 20 50 100 200 °&50¢c 


lc — Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 






Vap=—2V Vec=+30V 
INPUT 
ak “he 
0 VIN tes 
tra 2.0ns OUTPUT 90 % 
PW=1.0 us . 
DC=2 % 
ton SWITCHING VOLTAGE WAVEFORMS 
Vep=—23.3 V Vec=+30V 
INPUT 


ee es 
o- VIN 






OUTPUT 





tr=2.0 ns ~40V 
PW=1.0us 
DC=2% 


tof¢ SWITCHING VOLTAGE WAVEFORMS 
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NEC / ____ NPNSILICON TRANSISTOR | 
ELECTRON DEVICE 2 N4401 











PACKAGE DIMENSIONS 


in millimeters (inches] 


DESCRIPTION The 2N4401 is designed for general purpose switching and 
amplifier applications. 


o 5.2 MAX. 
FEATURES ® High Power ... P7 625 mW at 25 C _ (0.204 MAX.) 
. ® High Voltage .. VcEeo 40V | 


® High DC Current Gain hee 100 to 300 at 150 mA 
® For Complementary Use with PNP Type 2N4403 


(0.216 MAX ) 


ABSOLUTE MAXIMUM RATINGS 














Maximum Temperatures zi 2 S 
Storage Temperature ........... —65to+150°C ~s is 
Junction Temperature ......... . 150°C Maximum E art 

Maximum Power Dissipation (Ta=25 °C) | a 3 
Total Power Dissipation. ............... 625 mW ! ig = 

Maximum Voltages and Current (Ta=25 °C) eS : 
Veso Collector to Base Voltage ..~.... 60 V a 
VeEO Collector to Emitter Voltage ..... 40 V 1, EMITTER EIAJ : SC-43B 

| 2. BASE JEDEC : TO-92 
VeBo Emitter to Base Voltage. ........60 V 3. COLLECTOR IEC - PA33 
lc Collector Current ............ 600mMA ee ee eae 2 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 



































SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
ty Delay Time 15 ns Vec=30 V, Ic =150 mA 
ty Rise Time 20 ns lpi=15 mA, VeRp=—-2 V 
tstg Storage Time 225 ns Vec=30 V, Ic =150 mA 
ty Fall Time 30 ns Ipi=—-ipa=15mA 
hFEe1 DC Current Gain 20 190 = Vce=1.0 V, lc=100 pA 
hfe? DC Current Gain 40 200 = Vce=1.0 V, lc=1.0mA 
hFES DC Current Gain 80 220 = Vce=10V, Ilc=10mA 
heea DC Current Gain 100 200 300 = Vce=1.0 V, Ic =150 mA 
NFES* DC Current Gain 40 100 7 VcE=2.0 V, Ic =500 mA 
VCE(sat)1* Collector Saturation Voltage 0.15 0.4 V Ic =150 mA, lp=15 mA 
VCE(sat)2* Collector Saturation Voltage 0.4 0.75 V Ic =500 mA, Ip=50 mA 
* Pulsed PW S 300 us, duty cycle S 2 % Additional Characteristics on following page. 
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2N4401 


CHARACTERISTIC 


SYMBOL 

ICEX Collector Cutoff Current 

IBEX Base Cutoff Current 

BVcBo Collector to Base Breakdown Voltage 
BVCEO* Collector to Emitter Breakdown Voltage 
BVERO Emitter to Base Breakdown Voltage 
VBE(sat)1* Base Saturation Voltage 

VBE(sat)2° Base Saturation Voltage 

fy Gain Bandwidth Product 

Cob . Output Capacitance 

Cit “Input Capacitance 

hie Input Impedance 

Nre Voltage Feedback Ratio 

Nfp Small Signal Current Gain 

hoe Output Admittance 


* Pulsed PW =<300 us, duty cycle =2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


800 





- mW 


Ic — Collector Current — mA 


PT — Total Power Dissipation. 





Ta-- Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


1006 





i¢ — Collector Current —- mA 
hee -DC Current Gain 


0 04 


1.2 16 2.0 : 


-Yce — Collector to Emitter Voltage —V 
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YcE=10V! 


2 03 





MIN. TYP. MAX. 
100 
-100 
60 
40 
6.0 
0.75 0.85 0.95 
1.0 se 
250 400 
4.5 6.5 
21 30 
1.0 5.0 15 
0.1 5.0 8.0 
40 180 500 
1.0 19 30 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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0.4 


0.5 0.6 


Vee — Base to Emitter Voltage —V 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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10 20 50 10 20 50 100 200 


Ic — Collector Current — mA 
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UNIT 


nA 
nA 


<< <= << 


MHz 


pF 
Kd 


x10" 


us 


VCE(sat) — Collector Saturation Voltage —V 
VBE(sat) — Base Saturation Voltage —V 


Ic — Collector Current — mA 
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TEST CONDITIONS 


Vce=35 V, Vpe=—0.4 V 
Vce=35 V, Vee=-0.4 V 

1c =100 wA, IE=0 

Ic =1.0 mA, lp=0 

le =100 uA, Ic=0 

lc =150 mA, Ilp=15 mA 

lc =500 mA, Ilp=50 mA 

Vce=10 V, Ic=20 mA 

Vep=5.0 V, le=0, f=1 MHz 
VeEB=0.5 V, Ic=0, f=1 MHz 
VCE=10 V,I¢=1.0 mA, f=1,0 kHz 
Voce =10 V, Ic =1.0 mA, f=1.0 kHz 
VcE=10 V, Ic =1.0 mA, f=1.0-kHz 
VceE=10 V, Ic =1.0 mA, f=1.0 kHz 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER 


VOLTAGE 
20 ae 






30.~C*«“‘«‘ 50 


Vee — Collector to Emitter Voltage —V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 


ic Ip=10 





051.020 50 10 20 50 100 200 500 


I¢ — Collector Current — mA 


NEC ELECTRON DEVICE 


INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 
100 


Cob — Output Capacitance —pF 
Cib — Input Capacitance — pF 





1.0 3.0 10 30 


Veg —Callector to Base Voltage —V 


Veg—Emitter to Base Voltage —V 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 


VCE= 10V | 
f=1kH2 | 


.10 4 


ea ~— Voltage Feedback Ratio — 
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ic — Collector Current — mA 
DELAY TIME vs. 
COLLECTOR CURRENT 
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Ic — Collector Current — mA 
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100 


hfe — Small Signal Current Gain 


tr—Rise Time—ns 


ft —Gain Bandwidth Pradurt — MHz 


GAIN BANDWIDTH PRODUCT vs. 
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I¢—Coliector Current—mA 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT - 
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Ic —Collector Current — mA 


RISE TIME vs. 
COLLECTOR CURRENT 





i.e Lad i é ee | 
en eo . 3 mob ob be fp ae 
ts ob 2 ft 


IcIp=10 





500 


200 


5.0 10 20 50 = 100 


ic — Collector Current — mA 
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OT nae eee 0 0 Oe 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 


Se 






VoE=10V | 
f=1 kHz _ 


hie — Input Impedance — kQ 


L O03 10 


3.0 LO 


Ic — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 
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FALL TIME vs. 
COLLECTOR CURRENT 


tt —Fall Time —ns 





50 10 20 50 100 200 500 


I¢ — Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


Vep=—-2V Voc =+ 30V 


i I 


2 200 INPUT 
LOkO 200 0 
L182 
=a | | 0.47 uF | 
0 ii———| 






1.0kn 





OUTPUT 





tr<2.0ns 
PW=1.0 us 


re: ton SWITCHING VOLTAGE WAVEFORMS 


Vep=—23.3V Voc=+30 V 


VouT INPUT 


0 VIN 


‘stg it, 
—_ 






10% 





OUTPUT 
¥ 90 9% 
tr<2.0ns ~4.0¥V 
PW=1.0us 
DC=2 % to¢¢ SWITCHING VOLTAGE WAVEFORMS 
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PNP SILICON TRANSISTOR 


2N4402 





" 


ELECTRON DEVICE 












DESCRIPTION The 2N4402 is designed for general purpose switching and — 
amplifier applications. PACKAGE DIMENSIONS 


in millimeters (inches) 


or 


5.2 MAX. 
















FEATURES ® High Power... . Py 625 mW at 25 °C (6.904 MAX) 
~ . ®@ High Voltage... Vce~EQ —40 V | | 
@ DC Current Gain hee 50 to 150 at -150 mA ae ee 
, >. 
@ For Complementary Use with NPN Type 2N4400 Z = 
Es 
ABSOLUTE MAXIMUM RATINGS ons tC 
(0.018) Ze 
Maximum Temperatures * ie = 
Storage Temperature ........... —65 to +150 °C >< < ‘Nes 
o ‘ on 2 
Junction Temperature .......... 150 °C Maximum i B 
as 
Maximum Power Dissipation (Ta=25 °C) Tt = | 
Total Power Dissipation. ..........060.005 625 mW : 's = 
Maximum Voltages and Current (Ta=25 °C) s = | 
VeBo Collector to Base Voltage ..>... —40 V —_ _ 
Vceo Collector to Emitter Voltage..... —40 V 1. EMITTER EIAJ : SC-43B 
2. BASE JEDEC: TO-92 
VEBO Emitter to Base Voltage........ -5.0 V 3.COLLECTOR IEC : PA33 
le Collector Current .......... . —600 mA a 








ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 












SYMBOL 











td Delay Time 15 ns Voc=-30 V, Ic =—-150 mA 
t. Rise Time 20 ns Ip1=-15 mA, Vegz2V 
tstg Storage Time 225 ns Vcc=—30 V, Ic =—150 mA 
tf Fall Time 30 ns 'g1*-'B2=-1S mA 

heey DC Current Gain 30 95 a Vee =-1.0 V, lo =-1.0mMA 
hfe? DC Current Gain 50 110 fe Vce=-1.0 V,lc=-10mA 
hee3* DC Current Gain 90 100 150 ee VcE=-2.0 V, Ilc¢=-150 mA 
hFeg* DC Current Gain 20 40 — Vce=-2.0 V, lc =-500 mA 
VCE(sat)1* Collector Saturation Voltage --0.4 V lc =—150 mA, Ip=-15 mA 






VCE(sat)2* Collector Saturation Voltage lc =-500 mA, Ip =-—50 mA 


* Pulsed PW <300 us, duty cycle <2 % Additional characteristics on following page 
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CHARACTERISTIC 


SYMBOL MIN, MAX. 


UNIT 


Collector Cutoff Current 
Base Cutoff Current 
Coliector to Base Breakdown Voltage 


Collector to Emitter Breakdown Voltage 


~100 
100 


ICEx 

IBEX 
BVCBO 
BVCEO* 
BVEBO 
VBE(sat)1* 
VBE(sat)2* 


Emitter to Base Breakdown Voltage 
Base Saturation Voltage 
Base Saturation Voltage 
Gain Bandwidth Product 
~ Output Capacitance 
Input Capacitance 
Input Impedance 
Voltage Feedback Ratio 
Small Signal Current Gain 
Output Admittance 


* Pulsed PW <300 us, duty cycle <2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 













oe 900 cp=~10V. —— a : 
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Ta— Ambient Temperature — °C VBE — Base to Emitter Voltage — V 
COLLECTOR CURRENT vs. DC CURRENT GAIN vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT 
--1000 : : 
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‘Voce — Collector t itter Vol —| 
VCE Collector te Emitter Voitage — V Io — Collector Current — mA 
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I¢ — Collector Current — mA 


VBE(sat)— Base Saturation Voltage — V 


NEC ELECTRON DEVICE 





“TEST CONDITIONS 


Vce=-35 V, Vee=0.4 V 

Vce=—-35 V, Vee=0.4 V 

Ic =-100 vA, le =0 

Ic=-1.0 mA, Ip=0 

le=-100 pA, Ie=0 

I¢=—150 mA, Ig=—15 mA 

Ic =—-500 mA, |lp=-50 mA 
VcE=-10 V, Ic=-20 mA 

Vcp7-10 V, le =0, f=1 MHz 
Vep=—0.5 V, Ic =0, f=1 MHz 
Vce=-10 Vi, Ic =-1.0 mA, f=1.0 kHz 
VCE=-10 V; I¢=-1.0 mA, f=1.0 kHz 
Vee =—-10 V, lc=-1.0 mA, f=1.0 kHz 
Vce=-10 V, lc =—-1.0 mA, f=1.0 kHz 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


—20 





Vce— Collector to Emitter Voltage — V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 





0 ; 
—0.5-10-2.0 —5.0-10—-20 -—50—100-—200 —500 


I¢ — Collector Current — mA 


NEC ELECTRON DEVICE 


ff — Gain Bandwidth Product — MHz 


hre - Voltage Feedback Ratio—x10~4 


td — Delay Time —ns 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


eS —- + 
i a a —j—— 
= 


————— 


ae eee ee te 





3.0 10 30 100 


Ic—Collector Current—mA 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 
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r ow 
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a}. a a oe oo oe 


=f EE 















fa , 
-0.1 -0.3 ~1.0 —3.0 —10 
I¢ — Collector Current — mA 

DELAY TIME vs. 
COLLECTOR CURRENT 
600 | p+ +e VeC=—30V | 
400 = 
200 hy 
100) 
&0 
60 ea 
40 | 
20 
10 
8.0 = 
6.9 . —_—— 
-§.0 -10 -20 —~§0 -100 -200 —500 


I¢ — Collector Current —mA 


Cob — Output Capacitance — pF 
Cip — Input Capacitance — pF 


hfe — Small Signal Current Gain 


tp — Rise Time — ns 


INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 














f=1.0 MHz 
lE=0 (Cob) 


ow qa esi 


———— 
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a 


ee ee ee 


30 
3Cib +++ 





Vcg — Collector to Base Voltage —V 
Veg — Emitter to Base Voltage — V 





Ic=O (Cib) | 


k 
| 


wT 


SMALL SIGNAL CURRENT GAIN vs. 


> Wor=—10V 
fel ake 


-30 


—03 -1.0 


Ic — Collector Current — mA 


RISE TIME vs. 
COLLECTOR CURRENT 





—50¢ 


-50 -~100 ~200 


-10 ~-20 


I¢ — Collector Current — mA 





—10 


hoe ~ Output Admittance — uS hie — Input Impedance — kf 


tstq — Storage Time — ns 


2N 4402 





INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 





i¢ — Collector Current —mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


a es 


a a et te 


a a ns 





~3.0 


—1.0 


i ~10 


Ic — Collector Current — mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 





Pe EER vec=—30V 


1 lb1=~Ip2 
TH Ie/Ip=10 to 20 


eee oe 






10 


~5.0 ~2) —50 —500 


—100 —200 


—10 


Ic — Collector Current — mA 
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FALL TIME vs. 
COLLECTOR CURRENT 


Pri lp1 =~ a2 


400 afi Se ee _——— 


ty — Fall Time —ns 
=) 
La J 





“50 -10 -20  —50 -100—200 —500 


i¢ — Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


Vep=+2.0V Vec=-30¥ 


wll 





OUTPUT 





tr< 2.0 ns 
PW=1.0 us 
DC=2 % ton SWITCHING VOLTAGE WAVEFORMS 


Vap=+23.3V Vec=-30V 


INPUT 


0 VIN 
aiplecd: 





+4.0V 
tr 2.0 ns 
PW210yus 
DC=2 % to¢¢ SWITCHING VOLTAGE WAVEFORMS 
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PNP SILICON TRANSISTOR 


2N4403 






EK 


ELECTRON DEVICE 














DESCRIPTION The 2N4403 is designed for general purpose-switching and 
PACKAGE DIMENSIONS 


in millimeters (inches) 


amplifier applications 


ys 






| 
, 5.2 MAX. 
FEATURES ® High Power ... Py 625 mW at 25°C : (0.204 MAX.) 
~ @ High Voltage .. Veeq -40 V | | 
@ High DC Current Gain he¢ 100 to 300 at -150 mA r 2 
; a 
® For Complementary Use with NPN Type 2N4401 FE: = 
185 
| £ 
ABSOLUTE MAXIMUM RATINGS oa 
(0.018) (i223 
Maximum Temperatures = = = 
Storage Temperature ........... -—65 to +150 °C 3 E r g 
Junction Temperature .......... 150 °C Maximum = 
Maximum Power Dissipation (Ta=25 °C) — et ee: 
= 
Total Power Dissipation............... 625 mW L z= 
Maximum Voltages and Current (Ta=25 °C) is 2 
Vcpo Collector to Base Voltage ...... —40 V 
VcEO Collector to Emitter Voltage..... -40 V i ae eee sage 
Veno Emitter to Base Voltage........ -5.0 V aad a 





ae 


le Collector Current ........... —600 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 















CHARACTERISTIC TEST CONDITIONS 





SYMBOL 
td Delay Time 15 ns Vec=~-30 V, I¢=-150 mA 
i, Rise Time 20 ns lgi1=—-15 mA, Vegp=2V 
tstg storage Time 225 ns Veco=—30 V, Ic¢=-150 mA 
ty Fall Time 30 ns Ipi=—!p2=-15 mA 

hee DC Current Gain 30 130 — Vce=—-1.0 V, lc¢=—-100 vA 
HEE? DC Current Gain 60 150 — Vce=-1.0 V, le =-1.0 mA 
hee DC Current Gain 100 170 - Vce=-1.0 V, lc =—-10mA 
hFE4* DC Current Gain 100 140 300 — Vce=—-2.0 V, lc =-150 mA 
hees* DC Current Gain 20 40 _ Vce=-2.0 V, lc =-500 mA 
VCE(sat)1* Collector Saturation Voltage —0.2 —0.4 V Ic=- 150 mA, lgp=-15 mA 
VCE(sat)2* Collector Saturation Voltage —0.5 -0.75 Vv Ic =—500 mA, Ip=-50 mA 











i 


* Pulsed PW <300 us, duty cycle <? % Additional characteristics on following page. 
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SYMBOL CHARACTERISTIC TEST CONDITIONS 
VcE=-35 V, VpE=0.4 V 
VceE=—-35 V, Vee =0.4 V 
Ic =-100 vA, Ip =0 
Ic=-1.0 mA, Ip=90 


lE=—100 wA, Ic=0 


Collector Cutoff Current 


ICEX 
IBEX 
BVcBO 
BVCEO* 
BVEBO 


Base Cutoff Current 

Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 


Base Saturation Voltage 


VBE(sat)1* 


Base Saturation Voltage 
Gain Bandwidth Product 
~ Output Capacitance 


VBE(sat)2* 


Input Capacitance 

Input Impedance 

Voltage Feedback Ratio 
Small Signal Current Gain 
Output Admittance 


* Pulsed PW <300 us, duty cycle <2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 












Voce — Collector to Emitter Voltage — V 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 




















lc — Collector Current — mA 


Ic=~150 mA, Ip=—-15 mA 
Ic=—500 mA, Ip=—50 mA 
Vce=—10V, lc¢=-20mA 

Vcg=-10 V, le=0, f=1 MHz 
Vep=—O.5 V, Ic=0, f=1 MHz 
Vce=-10Y, lc =—1.0 mA, f=1.0 kHz 
Vce=—10 V, Ie =—-1.0 mA, f=1.0 kHz 
Vee =-10 V, I¢=-1.0 mA, f=1.0 kHz 
Vce=-10 V, lc=-1.0 mA, f=1.0 kHz 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Ic — Collector Current — mA 
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GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


| ee mane Coy 


+ oe ee ee + wa be 
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ff —Gain Bandwidth Product — MHz 


3.0 10 30 


Ic—Collector Current—mA 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 





hre — Voltage Feedback Ratio — «10-4 


—10 


=0.3 


=i 3.0 =A 
l¢ — Collector Current — mA 
DELAY TIME vs. 
COLLECTOR CURRENT 
600 





TAFT Vec=—30V 
ICT be/ip=10_ 










ee 


tq — Delay Time —ns 


500 


-~100 —200 


~20 50 


Ic — Collector Current —mA 


Cob — Output Capacitance — pF 
Cih — Input Capacitance — pF 


hfe — Small Signal Current Gain 


tp — Rise Time —ns 


INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 





10 


0 


-03 -1.0 


Vcp— Collector to Base Voltage —V 
VeEB— Emitter to Base Voltage ~ V 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 
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i te at | 
30) _ —— — aS Se eee at 


—10 


-1.0 


0.3 -3.0 


I¢ — Collector Current — mA 


RISE TIME vs. 
PEELECTOR CURRENT 





~—50C 


~50 —100 —200 


—20 


Ic — Collector Current — mA 


hie — Input Impedance — kf. 


hoe — Output Admittance — 7S 


tstg — Storage Time —ns 











2N4403 





INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 


= Voe=—-10V 
tt $4 f=1 kHz 
. |. L | 


—3.0 —10 


Ic — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


-03 -LO 30 


l¢ — Collector Current — mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 


= Vec=—30V 
ed IB1=—lp2 
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l¢ — Collector Current — mA 
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FALL TIME vs. 
COLLECTOR CURRENT 
: oases Yeo=~-30¥ | 








t¢—Fall Time —ns 
= 
La 





1g LL Laat: 
-5.0 -10 -20 -—50 -100-200 —-—500 


Ic — Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


Vep=+2.0V Vec=-30¥ 


VIN 


0 
-revL_] 


OUTPUT 





tr 2.0 ns 
PW= 1.0 us 
DC=2% ton SWITCHING VOLTAGE WAVEFORMS 


Vap=+23.3V Voc=—30V 





0 | VIN 






QUTPUT 
+4.0¥V 
te<2.0 ns 
PW > 1.0 ps 
DC=2 % toff SWITCHING VOLTAGE WAVEFORMS 
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ELECTRON DEVICE 






DESCRIPTION The NT2222 is designed for general purpose amplifier and 
high-speed, medium power switching applications. 
FEATURES ® High Frequency Current Gain. 
~~, ® Low Collector Saturation Voltage. 


® High Speed Switching. 


® For Complementary Use with PNP Type NT2907. 
@ NT2222 Electrically Similar to 2N2222, 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 





NPN SILICON TRANSISTOR 


NT2222 








PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 
—— $$ 


— 2 








5.5 MAX. 
(0.216 MAX.) 


12.7 MIN. 
(0.5 MIN.) 








xe 

Storage Temperature............. —65 to +150 C i g° 

Junction Temperature ........... 150 “C Maximum = _ 
Maximum Power Dissipation (Ta = 25 °C) E Z 

Total Power Dissipation................ 625 mW igs 
Maximum Voltages and Current (Ta= 25°C) ~ ——— 

VcBo Collector to Base Voltage......... 60 V 1, EMITTER EIAJ : SC-43B 

VcEO Collector to Emitter Voltage....... 30 V 3 COLLECTOR ae ens 

VEBO Emitter to Base Voltage ......... 5.0 V 

Ic Collector Current 2 i iio2 oe a ey es 800 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 


SYMBOL CHARACTERISTIC 


a ee 


Delay Time 
Rise Time 
tstg storage Time 
tf Fall Time 
hee DC Current Gain 
hfe? DC Current Gain 
hFe3* DC Current Gain 
hee4* DC Current Gain 
hee5* DC Current Gain 
hFeg* DC Current Gain 
VCE(sat)1* Collector Saturation Voltage 


VCE (sat)2* 


Collector Saturation Voltage 


* Pulsed PW = 300 us, duty cycle 32% 





TEST CONDITIONS 
Veco =30 V, Vee=-0.5 V 
lc=150 mA, lp,=15 mA 
Vec=30 V, Ic¢=15 mA 
lei, =—lIpa=15 mA 
Voe=10 V, lc=100 vA 
VceE=10 V,lc=1 mA 
Vee=10 V, Ic=10 mA 
Vce=10 V, lc =150 mA 
VceE=10 V, tc =500 mA 
Vce=1.0 V, lc =150 mA 
lc =150 mA, lp=l15 mA 
lc =500 mA, lp=50 mA 


Additional characteristics on following page. 
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NT2222 


SYMBOL 


IcBO1 
ICBO2 
lEBO 
BVcBO 
BVcEO* 
BVEBO 
VBE(sat)1* 
VBE (sat)2* 
| hfel 


CHARACTERISTIC 


Collector Cutoff Current 
Collector Cutoff Current 
Emitter Cutoff Current 
Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 
Base Saturation Voltage 

Base Saturation Voltage 

High Frequency Current Gain 

Gain Bandwidth Product ~ 

Output Capacitance 
Input Capacitance 


* Pulsed PW =300 ws, duty cycle =2% 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs, 
AMBIENT TEMPERATURE 


PT —Total Power Dissipation — mW 


Ta — Ambient Temperature — °C 








lc — Collector Current — mA 


100 200 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


Ic — Collector Current — mA 


0 0.4 
Vce — Collector to Emitter Voltage —V 
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608 


hee —DC Current Gain 


1.2 1.6 2.0 


“02 03 


|| | | 


in — 
0.51.0 20 50 10 20 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 


a 









04 05 0.6 O07 


0.8 0.9 


Vee — Base to Emitter Voltage —V 


DC CURRENT GAIN vs, 
COLLECTOR CURRENT 





1 
Ti ry 
vil 1} | dd 






50 100 200 500 


Ic — Collector Current — mA 


VCE(sat) — Collector Saturation Voltage —V 





Ic —Collector Current — mA 


VBE(sat) — Base Saturation Voltage —V 


ELECTRON DEVICE 


NE 


TEST CONDITIONS 


Vcp=50 V,!le=0 
Vcp=50 V, lp =0, Ta=150 °C 

Veg =3.0 V,Ic=0 

Ic=10 wA, le=0 

Ic=10 mA, Ip=0 

lE=10 WA, Ic=0 

Ic=150 mA, Ip=15 mA 

Ic =500 mA, Ip=50 mA 

Vee=20 V, Ic=20 mA, f=100 MHz 
Vce=20 V, Ic =20 mA, f=100 MHz 
Vep=10 V, le=0, f=1 MHz 
VeR=0.5 V,lc=0,f=1 MHz 





COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 





AO pA 
730 eA 





VCE — Collector to Emitter Voltage —V 


BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 





0 - = 
051020 50 10 20 50 100 200 500 
I¢ — Collector Current — mA 


NEC ELECTRON DEVICE 


Cob — Output Capacitance — pF 
Cib — Input Capacitance — pF 


hre —Voltage Feedback Ratio— x10~‘ 


tq — Delay Time —ns 





INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 


100 a 


f=1.0 MHz 
lE=0 (Cop) 
Ic= Ce Biilll 


||) 


Vcp—Collector to Base Voltage —V 
VER —Emitter to Base Voltage —V 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 








1.0 


3.0 10 
I¢ — Collector Current — mA 


DELAY TIME vs. 
COLLECTOR CURRENT 


600 Oe 





: 2 


10 3820 50 100 200 500 
I¢ — Collector Current — mA 





hfe — Small Signal Current Gain 


tr — Rise Time —ns 


ft —Gain Bandwidth Product — MHz 








GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 


—3.0 -10 —30 


lc—Collector Current—mA 


SMALL SIGNAL CURRENT GAIN vs. 
balms CURRENT 


I¢ — Collector Current — mA 


RISE TIME vs. 
COLLECTOR CURRENT 


enna ee 
SiiieaSenn Silliman 28 


l¢ — Collector Current — mA 





hoe — Output Admittance — S 


tstg — Storage Time —ns 


hie — Input Impédance — kQ 








NT2222 





INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 


NCICCEI tet ate 
NC] Baill 


NX 


ic — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 





I¢ —Collector Current — mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 


10 
l¢ — Collector Current — mA 


20 
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FALL TIME vs. 
COLLECTOR CURRENT 


ty — Fall Time — ns 





5.0 10 20 50 100 200 500 


l¢—Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


Vap=—-O.5V Voc=+30V 


+ 10.4V 
+] a 





| 90 % 
, TO OSCILLOSCOPE 
PWs 200 ns ZiN> 100 kn. 
tra 2.0 ns Cine 12 pF 
Zin=500 tp 35.0 ns 
ton SWITCHING VOLTAGE WAVEFORMS 
Vpp=—23.8V Voc=+30¥ 






eral 10 uF INPUT 
0 VIN aad 


50 re) \ 


$e 
tste | tf, 
+. 






¥10 % 


OUTPUT 
TO OSCILLOSCOPE 90 9% 

ZIn=50 0 & ae CINS 12 pF 

Tos5.0ns NN tr< 5.0 ns 
The 20 kf? and 50 © resistors on the output of the test circuit are 
normally omitted, due to the excessive attenuation of the collector 
waveform. The collector voltage is monitored directly with a high 
impedance oscilloscope probe. 

tors SWITCHING VOLTAGE WAVEFORMS 
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ELECTRON DEVICE 


DESCRIPTION 


FEATURES 





The NT2222A is designed for general purpose amplifier and 


high-speed, medium-power switching applications. 


® High Frequency Current Gain. 


® Low Collector Saturation Voltage. 


@ High speed Switching. 


® For Complementary Use with PNP Type NT2907A. 
® NT2222A Electrically Similar to 2N2227A. 


ABSOLUTE MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 












SYMBOL 
td 

tr 

Tstg 

tf 

FE 
NFE2 
hEE3* 
NFE4* 
NEE5* 
NFE6* 
NFE7* 
VCE (sat) 1* 
VCE (sat)2* 


*Pulsed PW <300 us, duty cycle 52% 


Maximum Temperatures 


Storage Temperature.............-65to+150°C 


Junction Temperature ...........150 °C Maximum 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation................ 625 mW 
Maximum Voltages and Current(Ta=25 °C) ~ 

Vcso Collector to Base Voltage... ...... 75 V 

VcEeO Collector to Emitter Voltage....... 40 V 

VERO Emitter to Base Voltage......... 6.0 V 

lc Collector Current ............. 800 mA 


CHARACTERISTIC 
Delay Time 
Rise Time 
Storage Time 
Fall Time 
DC Current Gain 
DC Current Gain 
DC Current Gain 
DC Current Gain 
DC Current Gain 
DC Current Gain 
DC Current Gain 
Collector Saturation Voltage 


Collector Saturation Voltage 





35 
50 
75 
100 
40 
50 
35 


10 
25 
225 
60 
180 
190: 
210 
230 300 
180 
200 
0.13 0.3 


0.3 1.0 






Ns 
ns 
Ns 


ns 


NPN SILICON TRANSISTOR 


NT2Z222A 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


5.5 MAX. 


(0.216 MAX.) 


So 
> 
an 


(0.5 MIN.) 


1. EMITTER EIAJ : SC-4: 
2. BASE JEDEC: TO-82 
3. COLLECTOR icEc : PASS 










TEST CONDITIONS 





Vcc =30 V, Veag=-0.5 V 
I¢ =150 mA, Ip, =15 MA 


Vcc =30 V, Ice =150 mA 
lp1=—lpo=15mMA 

Voce =10 V,Ic=100 vA 
VceE=10 V,Ic=1 MA 
Vce=10 V,Ic=10 mA 
VceE=10 V, lc =150 mA 
Vce=10 V, ic =500 mA 
Vce=1.0 V, |lc¢=150 mA 
Vce=10 V, lc=10 mA, Ta=—55 °C 
lc =150 mA, |lp=15 mA 
Ic =500 mA, |p=50 mA 





Additional characteristics on following page. 
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SYMBOL CHARACTERISTIC TYP. MAX. UNIT TEST CONDITIONS 


lcex Collector Cutoff Current VceE=60 V, Vee=-3 V 

IBEX Base Cutoff Current VcE=60 V, Vee=-3 V 

IcBO1 Collector Cutoff Current _ Vep=60 V, le=0 

IcBo2 Collector Cutoff Current Vcp=60 V, Ile =0, Ta=150 °C 

lEBO Emitter Cutoff Current VeRg=3.0 V, lc=0 

BYVcBO Collector to Base Breakdown Voltage Ic=10 wA, le=0 

BYCEO* Collector to Emitter Breakdown Voltage I¢=10 mA, Ip=0 

BVEBO Emitter to Base Breakdown Voltage : leE=10 wA, Ic=0 

VBE(sat)1* -~ Base Saturation Voltage 2 lc=150 mA, Ilp=15 mA 

VBElsat)2* Base Saturation Voltage i ic=500 mA, 1p=50 mA 

| hgal High Frequency Current Gain : : Vee =2QV, lc=20 mA, f=100 MHz 
Gain Bandwidth Product | Vce=20 V, lc =20 mA, f=100 MHz 
Output Capacitance 8 Vcp=10 V, le=0, f=1 MHz 
Input Capacitance | Vep=0.5 V, lc=0,f=1 MHz 
Input Impedance A af Vce=10 V, lc =1.0 mA, f=1 kHz 
Input Impedance 0. wt Vce=10 V, Ic =10 mA, f=1 kHz 
Voltage Feedback Ratio : VceE=10 V, lc=1.0 mA, f=1 kHz 
Voltage Feedback Ratio ; Vce=10 V, lc=10 mA, f=1 kHz 
Small-Signal Current Gain VcgeE=10 V, Ilc=1.0 mA, f=1 kHz 
Small-Signal Current Gain O : Vce=10 V, Ic=10 mA, f=1 kHz 
Output Admittance 0 VceE=10 V, Ic=1.0 mA, f=1 kHz 
Output Admittance | Vce=10 V, Ic=10 mA, f=1 kHz 
Collector to Base Time Canstant Veeg=20 V, le=20 mA, f=31.8 MHz 


Noise Figure : ! Vee =10 V, le=100 vA, Re=1 kf 
f=1.0 kHz 





* Pulsed PW =300 us, duty cycle <2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE 


~ Taar | 7 
qo eh ww 





Ic—Collector Current — mA 
Ic —Collector Current — mA 


PT — Total Power Dissipation — mW 


| i _—s, 0.05-— 
" a 02 03 04 05 06 07 08 09 10 es SS a 


Vce — Collector to Emitter Voltage —V 


Ta — Ambient Temperature — °C 


VBE — Base to Emitter Voltage —V 
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DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


Cee Voe=10¥ 
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a 
to 
—EeE—e—Ee 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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lc — Collector Current — mA 
hfe —DC Current Gain 
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Vcr — Collector to Emitter Voltage -V Ic — Collector Current — mA 


INPUT AND OUTPUT CAPACITANCE GAIN BANDWIDTH PRODUCT vs. 





vs. COLLECTOR CURRENT 
100 serie f= 10 MHz . 2000 , 
rat 7 Lai Ie=0 (Cop) = 1000L 
1S oF TTT We=0 (Cap) i 
Db ‘ ree f a 
2, ~ 3 500 
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|-—Collector Current—mA 
Vcp—Collector to Base Voltage —V e- RaER ar Cee 
Veg =Emitter to Base Voltage —V 
VOLTAGE FEEDBACK RATIO vs. SMALL SIGNAL CURRENT GAIN vs. 


COLLECTOR CURRENT 


COLLECTOR CURRENT 
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hfe — Small Signal Current Gain 





hre — Voltage Feedback Ratio— x10~* 


1.0 10 30 ‘1¢ 


3.0 


0.3 0.3 1.0 


IC — Collector Current — mA. Ic — Collector Current — mA 


VCE(sat) — Collector Saturation Voltage — V 


VBE(sat) — Base Saturation Valtage —V 


hie —Input Impedance —kQ 


hoe — Output Admittance — 15 
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BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current — mA 


INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 


Vep=10V 
| f=1kHz 
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l¢ — Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 


I¢ — Collector Current — mA 
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DELAY TIME vs. 
COLLECTOR CURRENT 
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FALL TIME vs. 
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I¢ — Collector Current —mA 
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500 


tr—Rise Time —ns 


+30 


tt 
VIN 


RISE TIME vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


Veap=—-0.5V Voc=+30V 







V 
1 0.47 uF ov 
VIN 
50 0 
TO OSCILLOSCOPE 

PW=200 ns Zin > 100 kD 

trs 2.0 ns Cj 12 pF 

Zin=500 tr 5.0 ns 

ton SWITCHING 
Veap=—23.8V Voc=+30V 
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STORAGE TIME vs. 
COLLECTOR CURRENT 


= ee ee PPE Vec=30V 
a1 =—Ip2 
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I¢ — Collector Current — mA 


— a 
ouTput = 10% N 
90% 


VOLTAGE WAVEFORMS 





OUTPUT 


’ “TO OSCILLOSCOPE % 
isos ala Zin> 100 ka 

Zin=500 1 CIN S12 pF 

Teo 5.0 ns te<5.0ns 





tors SWITCHING 


The 20 kf and 50 2 resistors on the output of the test circuit are 
normally omitted, due to the excessive attenuation of the collector 
waveform. The collector voltage is monitored directly with a high 
impedance oscilloscope probe. 


VOLTAGE WAVEFORMS 
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NPN SILICON TRANSISTOR 











DESCRIPTION The NT2369 is designed for general purpose amplifier and 


high speed switching applications. PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 


FEATURES @ High Frequency Current Gain. 
~ @ High Speed Switching. 
@ NT2369 Electrically Similar to 2N2369. 


(0.216 MAX.) 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 
Storage Temperature............. —65 to +150 °C 


(0.5 MIN.) 


Junction Temperature ........... 150 °C Maximum 
Maximum Power Dissipation (Ta = 25 °C} 
Total Power Dissipation. ............04;, 625 mW 





be 
<= 
Maximum Voltages and Currents (Ta = 25 °C) 7 
ve) 
VcBo Collector to Base Voltage......... 40 V S 
Vces Collector to Emitter Voltage... ....40 V 
VceQ Collector to Emitter Voltage....... 15 V 1. EMITTER EIAJ = SC-438 
nae 2. BASE JEDEC: TO-92 
Veso Emitter to Base Voltage......... 45 V 3.COLLECTOR IEC +: PASS 
Ic Collector Current ...... Aight tet 200 mA 
Ic Collector Current (10 us pulse) ... . 500 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 “C) 
























TEST CONDITIONS 











SYMBOL CHARACTERISTIC 
ton Turn-on Time 12 ns eas Se eae 
toff Turn-off Time 18 ns ae i atin 
tstg Storage Time 13 ns [c=10 mA, Igp1=—!g2=10 mA 
hfe High Frequency Current Gain 5.0 7.5 VceE=10 V, Ic=10 mA, f=100 MHz 
tT Gain Bandwidth Product 500 750 MHz VcEe=10 V, Ic=10 mA, f=100 MHz 
Cob Output Capacitance 1.8 4.0 pF Vcp=5.0 V, le=0, f=1 MHz 
heey* DC Current Gain 40 90 120 _ VceE=1.0 V, Ilc=10 mA 
hFEeo* DC Current Gain 20 35 = Vce=2.0 V, lc¢=100 mA 
hFEe3* DC Current Gain 20 = VcEe=1.0 V, Ic¢=10 mA, Ta=—55 °C 
VCE (sat) * Collector Saturation Voltage 0.15 0.25 V Ic=10 mA, Ip=1.0 mA 
VBE (sat)* Base Saturation Voltage 0.7 0.78 0.85 V Ilc=10 mA, Ip=1.0 mA 
BVcBo Collector to Base Breakcown Voltage 40 VV Ic =10 wA, Ile =O 
BVcEs Collector to Emitter Breakdown Voltage 40 V Ic =10 vA, Vege=0 

' BVCEO* Collector to Emitter Breakdown Voltage 15 V ic=10 mA, Ip=0 
BVeEBO Emitter to Base Breakdown Voltage 4.5 V leE=10 wA, Ic=0 


IcBo1 Collector Cutoff Current 0.4 uh Vcp=20 V, Ie=0 


IcBo2 Coliector Cutoff Current Vcep=20 V, Ile=0, Ta=125°C 





* Pulsed PW =350 us, duty cycle =2% 
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TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 
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I¢ — Collector Current —mA 


GAIN BANDWIDTH PRODUCT 
vs. COLLECTOR CURRENT 


tew — Switching Time — ns 





ft — Gain Bandwidth Product — MHz 


“61 -03 -10 -30 -10 -30 100 


ic—Collector Current—mA 
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COLLECTOR CURRENT vs, 


COLLECTOR TO EMITTER VOLTAGE 
200 


160}— 


120 


8o}— 


40}— 


COLLECTOR AND BASE SATURATION 
VOLTAGE vs. COLLECTOR CURRENT 
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VcE —Collector to Emitter Voltage —V 






|) VBE(sat) 
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I¢ — Collector Current —mA 


SWITCHING TIME vs, 
COLLECTOR ehseliretal 


5.0 10 20 50 100 200 


Ic — Collector Current — mA 


Cib — Input Capacitance — pF 
Cob — Output Capacitance — pF 


I¢ — Collector Current — mA 
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COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 
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Vce — Collector to Emitter Voltage — V 


INPUT AND OUTPUT CAPACITANCE 


vs. REVERSE VOLTAGE 


Ii f=1.0 MHz 
lE=0 (Cob) 


0.1 0.3 1.0 3.0 10 30 100 
Vcp — Collector to Base Voltage — vv 
VEB — Emitter to Base Voltage —V 
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SWITCHING TIME TEST CIRCUIT 


PW=300 ns 2200 60.1 uF 


Duty cycle=2% Vi ni 
0 To oscilloscope 






A 
v, 


TT | ——10% 
Vin Vin | 
| $— 10% 4, 
| | V | 390 % 
‘ta loft 
Vear= 

Vep=—3V gs * a 
Vin=+15V m 


ton, toff SWITCHING 


PW =300 ns 


Duty cycle=2 % Vout o 


To oscilloscope 
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Voltage waveforms 
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NPN SILICON TRANSISTOR 


NT2Z369A 


iD) 


ELECTRON DEVICE 











DESCRIPTION The NT2369A is designed for general purpose amplifier and 
high speed switching applications. 







PACKAGE DIMENSIONS 


in millimeters (inches) 





5.2 MAX. 
(0.204 MAX.) . 


i} 


FEATURES @® High Frequency Current Gain. 
=< ®@ High Speed Switching. 
® NT2369A Electrically Similar to 2N2369A. 










5.5 MAX 
(0.216 MAX.) 









ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures lz 
z= 
= 
Storage Temperature............ —65 to +150 °C eis 
\— = 
Junction Temperature ...........150 °C Maximum 4 


Maximum Power Dissipation (Ta = 25 °C) 


Total Power Dissipation................625mW Vf f. x 
Maximum Voltages and Currents (Ta = 25 °C) | | = : 

VcBo Collector to Base Voltage ......... 40 V is 

VcEs Collector to Emitter Voltage.......40 V 

VcEO Collector to Emitter Voltage....... 15 V . lla a. a 

VeBO Emitter to Base Voltage......... 45 V Aieeheters Kee Shae 

lc Collector Current ............ . 200 mA 

le Collector Current (10 ys pulse) ... . 500 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 “C) 





SYMBOL CHARACTERISTIC — - | . TEST CONDITIONS 





Vcec=3.0 V, lc=10 mA, |lpy=3.0 mA, 


ton Turn-on Time Vpe=—1.5 V 


toff Turn-off Time ene mA, 1p1= 3.0 mA, 
tstg Storage Time Ic=10 mA, Igp1=—!p2=10 mA 

cr Gain Bandwidth Product Vce=10 V, Ilc=10 mA, f=100 MHz 
Cob Output Capacitance Vcp=5.0 V, le=0, f=1 MHz 

heei* DC Current Gain “20 Vee =0.35 V, Ic=10 mA 

hee Dc Current Gain Vce=0.4 V, lc=30 mA 

hee3* DC Current Gain Vce=1.0 V, lc=100 mA 

heea* DC Current Gain Vce=0.35 V, Ic=10 mA, Ta=—55 °C 


VCE (sat)1* Collector Saturation Voltage 0. Ic=10 mA, Ip=1.0 mA 
VcCE(sat)2* Collector Saturation Voltage Ic=30 mA, Ig=3.0 mA 


VCE lsat)3* Collector Saturation Voltage i Ic=100 mA, Ig=10 mA 
VCE(sat)4* Collector Saturation Voltage Ic=10 mA, Ig=1.0 mA, Ta=125 °C 


* Pulsed PW =350 us, duty cycle =2% Additional characteristics on following page. 
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CHARACTERISTIC  —_- MIN. — TYP. . TEST CONDITIONS 


Collector Cutoff Current 


Vcp=20 V, Vee=0 
Vcp=20 V, ie=0, Ta=150 °C 
Ic =10 vA, Ip =0 

Ic =10 vA, Vee=0 
Ic=10 mA, Igp=0 
le=10 wA, Ic=0 

Ic =10 mA, Ip=1.0 mA 
Ic =30 mA, |gp=3.0 mA 
Ic =100 mA, Ip=10 mA 
lc=10 mA, Igp=1.0 mA, 
Ta=—55 to +125 °C 


Collector Cutoff Current 

Collector to Base Breakdown. Voltage 

Collector to Emitter Breakdawn Voltage 

Collector to Emitter Breakdawn Voltage 

Emitter to Base~Breakdown Voltage 
VBE(sat)i* Base Saturation Voltage ‘ 0.78 0.85 
VBE(sat)2* Base Saturation Voltage 0.85 1.15 
VBE(satig* Base Saturation Voitage 1.05 1.6 


E FE 
= <_< <_< 5.8 2. eS 


VBE(sat)4* Base Saturation Voltage u 1,02 





* Pulsed PW <350 us, duty cycle $2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE 
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Ta — Ambient Temperature — © Vce —Collector to Emitter Voltage — V Vce — Collector to Emitter Voltage — V 
DC CURRENT GAIN vs. COLLECTOR AND BASE SATURATION INPUT AND OUTPUT CAPACITANCE 


COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT vs. REVERSE VOLTAGE 





| f=1.0 MHz 
| Ie=0 (Cob) 


hee — DC Current Gain 
Cib — Input Capacitance — pF 
Cob — Output Capacitance — pF 





VCE(sat) — Collector Saturation Voltage — V 


VBE(sat) —Base Saturation Voltage —V 


01 03 10 30 10 30 ~°© 100 “O01 03 10 30 10 #30 10C 01 O03 10 30 10 30° 100 


I¢ — Collector Current —mA Ic — Collector Current — mA VcB — Collector to Base Voltage —V 
VERB — Emitter to Base Voltage — V 
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SWITCHING TIME vs. 
COLLECTOR CURRENT 


GAIN BANDWIDTH PRODUCT 
vs, COLLECTOR CURRENT 
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Ic —Callector Current—mA l¢ — Collector Current — mA 

SWITCHING TIME TEST CIRCUIT 

PW=300 ns 2200 0.1 uF 





Duty cyclke=2 % Vin Vout 


To oscilloscope 


1 102 
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| i a, | 
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: | Ty | ‘90 % 
Vout | 90 2%, out } 
| es 
cr. loft 
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Yep=—3V ie 
Vin= +15¥V m : 


Voltage waveforms 


PW=300ns 
Duty cycle=2 % 
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tstg SWITCHING 
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Voltage waveforms 
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PNP SILICON TRANSISTOR 


NT2907 








ELECTRON DEVICE 





DESCRIPTION The NT2907 is designed for general purpose amplifier and 
high speed, medium-power switching applications. PACKAGE DIMENSIONS 


in millimeters (inches) 


. 


5.2 MAX. 
FEATURES ® High Frequency Current Gain, _ (0.204 MAX) 
- ® Low Collector Saturation Voltage. | | 


--* 


@ High Speed Switching. | 
® For Complementary Use with NPN Type NT 2222. | 
| 


5.5 MAX 
(0.216 MAX.) 


® NT2907 Electrically Similar to 2N2907. 





ABSOLUTE MAXIMUM RATINGS 


12.7 MIN 
(0.5 MIN.) 


ms 


— 
Maximum Temperatures == 
oe 
- 9 5 ! 
Storage Temperature.............765to+150 C (0.10) ~—+—2 ~ 8 
tet —P | i tot 
Junction Temperature ........... 150 °C Maximum i i 


Maximum Power Dissipation (Ta = 25 °C) ia: 


Total Power Dissipation. ............... 625 mW 
Maximum Voltages and Current (Ta = 25 C) 





42 MAX 
(9165 MAX.) 





VeBo Collector to Base Voltage........-60 V 1. EMITTER EIAJ : SC-43B 
2. BASE JEDEC: TO-92 

VcEO Collector to Emitter Voltage......-40 V 3.COLLECTOR IEC : PA33 

VEBO Emitter to Base Voltage........ -5.0 V ————= 

le Collector Current ............ —-600 mA 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C] 
SYMBOL CHARACTERISTIC . TYP. UN TEST CONDITIONS 


Delay Time 








Vec=—30 V, Ilc=—-150 mA 


Rise Time 
Vpe=90, lp,=-15 mA 


Turn-On Time 


tet Storage Time 
stg Vec=—6 V, lc=—150 mA 


te Fall Time 
lIp7=-lpo=-15 mA 


toff Turn-Off Time 

HEE DC Current Gain Vee =-10 V, lc =-100 vA 
hee? DC Current Gain 5C | Voce =~10 V, Ic=-1 mA 
hFES DC Current Gain 5 Vee =-10 V, Ic=-10 mA 
NFe4* DC Current Gain | Vee =-10 V, lc=—150 mA 
NFE5* DC Current Gain 3 Vce=-10 V, Ic =-500 mA 
VCE (sat) 1* Collector Saturation Voltage , ; Ic =—-150 mA, [p=—-15 mA 
VCE (sat)2* Collector Saturation Voltage 1. Ic =-500 mA, Ig=—50 mA 





* Pulsed PW =300 us, duty cycle =2% Additional characteristics on following page. 
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SYMBOL 


VBE(sat)1* 


CHARACTERISTIC 


Collector Cutoff Current 

Collector Cutoff Current 

Collector Cutoff Current 

Base Cutoff Current 

Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 
Base Saturation Voltage 


VBE(sat)2* 7. Base Saturation Voltage 


Ihte| 
ua 5 
Cob 
Cib 


High Frequency Current Gain 
Gain Bandwidth Product 
Output Capacitance 

Input Capacitance 


* Pulsed PW 300 us, duty cycle <2 % 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


P7T — Total Power Dissipation —mW 


lc — Collector Current — mA 


TOTAL POWER DISSIPATION vs. 





l¢ —Collector Current — mA 


—0.05 


Ta—Ambient Temperature -- °C 


COLLECTOR CURRENT vs. 


COLLEC 
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VceE — Collector to Emitter Voltage — ¥ 
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COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 
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VBE — Base to Emitter Voltage —¥ 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 
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I¢ — Collector Current — mA 


VCE(sat) — Collector Saturation Voltage — V 


VBE(sat) — Base 


MAX. UNIT 
-50 nA 
—20 nA 
-20 LA 
50 nA 
Vv 
V 
V 
—0.9 —1.3 V 
1.1 —2.6 Vv 
4 uss 
400 MHz 
5,0 8.0 pF 
18 30 


i¢ ~ Collector Current — mA 


Saturation Voltage — V 


“Vee =—30 V, Vge=0.5 V 
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TEST CONDITIONS 





Vee =—50 V, Ie=0 

Veg =—50 V, Ie=0, Ta=150 °C 
VceE=—30 V, Vepe=0.5 V 

Ic =—10 vA, Ie=0 

lc=—-10 mA, Ilp=0 

le =—10 wA, Ic=0 

Ic=--150 mA, Ip=—-15 mA 

Ic¢=- 500 mA, |lgpz=—-50 mA 

Vee =—-20 V, Ic =-50 mA, f= 100 MHz 
Vee =-20 Y, Ic =—50 mA, f= 100 MHz 
Vcp=-10 V, le =O, f=1 MHz 
VeR=—2 V, Ic=0, f=1 MHz 


COLLECTOR CURRENT vs. 


COLLECTOR TO EMITTER VOLTAGE 





40 


—30 


—10 ~20 — 50 

Yce — Collector to Emitter Voltage — V 
BASE AND COLLECTOR 
SATURATION VOLTAGE vs. 
COLLECTOR CURRENT 

=H 2 

os ic=10 «lp 
— 1.6} + ~~: ! Ba tee . spe ag ahdat +e 





59 -100—200 


500 


0 - 
=05-10-2.0 —5.0-10 20 





lc — Collector Current — mA 


NEC ELECTRON DEVICE 


fy — Gain Bandwidth Product — MHz 


hre + Voltage Feedback Ratin— «10-4 


tq — Delay Time —ns 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 





3.0 10 30 


Ic—Collector Current—mA 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 


100 







f=1kHZ 


1.0 


—0.3 = 3.0 -10 
lc — Collector Current — mA 
DELAY TIME vs. 
COLLECTOR CURRENT 

600 


+ Vec=—30V 
7 lete=10 


Ce 


20 ~-50 —100 -200 


Ic — Collector Current — mA 


Cob — Output Capacitance — pF 
Cib -- Input Capacitance — pF 


hfa — Small Signal Current Gain 


tp — Rise Time —ns 


INPUT AND OUTPUT CAPACITANCE vs, 
REVERSE VOLTAGE 


100-— 


10 


3.0 





= f=1.0 MHz 
| Ig=0 (Cop) 
ser le=0 (Cip) _ 


1.0 ce ear 
—0.1 -03 -10 -30 -10 -30 —100 


Veg —Collector to Base Voltage —\ 
Yep — Emitter to Base Voltage — V 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 








hoe — Output Admittance — uS 


-3.0 -10 


-1.0 


—0.3 


lc — Collector Current — mA 


RISE TIME vs. 
COLLECTOR CURRENT 


tstq — Storage Time — ns 


-10 20 —50 -100 -200 —500 


i¢ — Collector Current — mA 


hie — Input Impedance — kQ 





NT2907 





INPUT IMPEDANCE ves. 
COLLECTOR CURRENT 





100 -— 
80 ;-— 


-1.0 


—0.3 
l¢ — Collector Current - mA 


OUTPUT ADMITTANCE 
COLLECTOR CURRENT 


| VCE=- 
| fel kHz 


i¢ — Collector Current -mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 






PTH Vec=—30 
si Iei=—Ig2 
! TT ke Ig=10 to 20 


“50 -10 50 —100 -—200 


Ic — Collector Current —- mA 
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NT2 907 NEC ELECTRON DEVICE 





FALL TIME vs. 
COLLECTOR CURRENT 


1000 


t¢-— Fall Time —ns 





te ne oe ro 
-6.0 -10 -20 -50 -100-200 -500 


ic — Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 







° Voc=-30V 
200 
$20 - INPUT 
p———0 VOLT 
VIN L.OkD 7 t 
16 Y $500 | bane 
-- 200 ns - a 
QUTPUT 
79 500 TO OSCILLOSCOPE 
PRF— 150 pps ths 5.0 ns 
trs2.0ns Zin~ 1OMQ 
ton SWITCHING VOLTAGE WAVEFORMS 
" $379 
$1.0k0 INPUT 
| ——OVOUT 


VIN 1.0kQ 3 
| Oe te 

0 | | { T tstg 
-30 V 3500 W.18955 | ny 





—— 200ns | eis 
77 Ti 77 
Zo 500 TO OSCILLOSCOPE 
PRF 150 pps trs 9.0 ns 
t= 2.0 ns Zin - 10MQ 


tof¢ SWITCHING VOLTAGE WAVEFORMS 
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ELECTRON DEVICE 








DESCRIPTION The NT2907A is designed for general purpose amplifier and 
high speed, medium power switching applications. 
FEATURES @® High Frequency Current Gain. 
= ® Low Collector Saturation Voltage. 


® High Speed Switching. 


® For Complementary Use with NPN Type NT2222A, 


@ NT2907A Electrically Similar to 2N2907A. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Storage Temperature ........... -65 to +150 °C 


Junction Temperature .......... 150 °C Maximum 


Maximum Power Dissipation (Ta=25 C) 


Total Power Dissipation... .. bo aewbean ee 625 mW 
Maximum Voltages and Current (Ta=25°C) ~~ 

Vecso Collector to Base Voltage ....... -60 V 

VcEO Collector to Emitter Voltage..... —60 V 

VeBo Emitter to Base Voltage........ -5.0 V 

lc Collector Current............. —600 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


| SYMBOL CHARACTERISTIC 


tstg 

tf 

toff 
NFEI 
NFE2 
NFE3 
NFE4* 
NFES* 





Delay Time 

Rise Time 
Turn-On Time 
Storage Time 
Fall Time 
Turn-Off Time 
DC Current Gain 
DC Current Gain 
DC Current Gain 
DC Current Gain 
DC Current Gain 


VCE(sat)1* Collector Saturation Voltage 


* Pulsed PW <300 us, duty cycle 32.0% 


VCE(sat)2* Collector Saturation Voltage 


MAX. 


PNP SILICON TRANSISTOR 


NT2Z2907A 





PACKAGE DIMENSIONS 


in millimeters (inches) 


5.2 MAX. 
(0.204 MAX.) 
es 


55 MAX 
(0.216 MAX.) 


ons 





12.7 MIN 
(0.5 MIN.) 


he 

| 

afte 
(1.77 MAX 
(0.069 MAX.) 

| 








i 
(0.10) 4 | 
| Ler an 
: 
<= 
i <= 
| == 
' uo | 
: MH 4a 1 
i] = — 
its | 
i 1. EMITTER EIAJ 


| 2. BASE JEDEC: 
|  3.COLLECTOR IEC 





ee ~ 





TEST CONDITIONS 





Veco=—40 V, Ie=—-150 mA 
Vpe=9, Ipi=-15 mA 


Vec=-6 V, I¢=-150 mA 
Ip4 =—|p9= -15 mA 


Vce=-10V, Ilc=-100 HA 
Vce=—-10 V,. lc =-1 mA 

Vce=-10 V, Ilc=-10mA 
Vce=-10 V, le=-150 mA 
Vce=-10 V, le =-500 mA 
Ic=—150 mA, lp=-15 mA 
Ic =—500 mA, Ilp=—-50 mA 


Additional characteristics on following page 
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NT2907A 





SYMBOL CHARACTERISTIC MIN, TYP. MAX. 
lcex Collector Cutoff Current -50 
IcCBO1 Collector Cutoff Current 10 
ICBO? Collector Cutoff Current —10 
IBEX Base Cutoff Current 50 
BVcea Collector to Base Breakdown Voltage —60 

BVcEa* Collector to Emitter Breakdown Voltage  ~ 60 

BVEBAa Emitter to Base Breakdown Voltage —§.0 

VBE(sat)i* Base Saturation Voltage —0.9 1 
VBE(sat)2* 7 Base Saturation Voltage al 2.6 
|hfe | High Frequency Current Gain’ 2 4 

fr Gain Bandwidth Product 200 400 

Cob Output Capacitance 5.0 8.0 
Cib Input Capacitance 18 30 


* Pulsed PW <300 us, duty cycle <2% 


TYPICAL CHARACTERISTICS (Ta=25 C) 


Py -- Total Power Dissipation — mW 


l¢ — Collector Current — mA 


TOTAL POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 





100-150 200 


Ta— Ambient Temperature — °C 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


—1000 











0 —0.4 


SSeeeeenE0 
a a 
He 
“609 |} a 








—08 -1.2 -1l6 -2.0 


VceE— Collector to Emitter Voltage — V 


954 


I¢ — Collector Current — mA 


hee —DC Current Gain 


COLLECTOR CURRENT vs. 
BASE TO EMITTER VOLTAGE 





UNIT 


===s=2=— 





0.2 -03 -0.4 -0.5 -06 -07 -08 -09 -1C 


VBE — Base to Emitter Voltage —V 


DC CURRENT GAIN vs. 
TOR CURRENT 


I¢ — Collector Current —mA 





~0.5-1.0-2.0 ~5.0-10-20 —50-—100—200—500 


VCE(sat) — Collector Saturation Voltage —V 


VBE(sat) — Base Saturation Voltage —V 


i¢ — Collector Current — mA 





TEST CONDITIONS 


Vee =—-30 V, Vag=0.5V 


VicB 


VcE 
c= 
c= 


ie 


=—50 V, Ip =0 
Vcp=—-50 V, Ie =0, Ta=150 °C 
=—30 V, Vee =0.5 V 


-10 uA, |le=0 
10 mA, Ip=0 
10 nA, Ic =0 


Ic=- 150 mA, Ilp=-15 mA 
lc=—-500 mA, lp=-50 mA 
Vce=-20 V, lc =-50 mA, f=100 MHz 
Vce=—-20 V, lc =-50 mA, f=100 MHz 


VCB 
VEB 





BASE AND COLLECTOR SATURATION 
COLLECTOR CURRENT 


(|) Ig=10-Ig 


VOLTAGE vs. 






=—10 V, le =0, f=1 MHz 
=—2V,I¢=0, f=1 MHz 


COLLECTOR CURRENT vs. 
COLLECTOR TO EMITTER VOLTAGE 


NEC ELECTRON DEVICE 


Vce — Collector to Emitter Voltage —V 


l¢ — Collector Current — mA 








NEC ELECTRON DEVICE 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 





fr—Gain Bandwidth Product — MHz 
hae 
=! 
= 


_+— 
- 
=e 
+— 
‘ 
+ 
a 
] 
4 


1.0 3.0 10 30 100 


I¢—Collector Current—mA 


VOLTAGE FEEDBACK RATIO vs. 
COLLECTOR CURRENT 


hre —Voltage Feedback Ratio —x10~4 





l¢ — Collector Current — mA 


DELAY TIME vs. 
COLLECTOR CURRENT 


tq — Delay Time —ns 





-50 -100 -200 -—500 


—§5.0 -10 ~20 
l¢ — Collector Current — mA 


INPUT AND OUTPUT CAPACITANCE vs. 


REVERSE VOLTAGE 





eototortt~SCof=1.0 MHz 
meee st TY § te=O(Cgb) 
or rm _ 'c=9 icin) 


cf) ee 


3.0}- 


Cob — Output Capacitance —pF 
Cib — Input Capacitance — pF 


Vcg — Collector to Base Voltage —V 
Veg ~— Emitter to Base Voltage —V 


SMALL SIGNAL CURRENT GAIN vs. 
COLLECTOR CURRENT 


hfe— Small Signal Current Gain 





i¢ — Collector Current — mA 


RISE TIME vs. 
COLLECTOR CURRENT 


0 





tr — Rise Time —ns 


-§5.0 -10 -20 -—50 -100 -200 —500 
I¢ —Collector Current —mA 






-01 -03 ~10 -30 -10 -30 —100 


NT2907A 





INPUT IMPEDANCE vs. 
COLLECTOR CURRENT 


ST We=—10¥ 




















hia — Input Impedance — ko 


—0.1 —0.3 -1.0 -3.0 -10 


I¢ —Collector Current — mA 


OUTPUT ADMITTANCE vs. 
COLLECTOR CURRENT 





hge — Output Admittance — vS 





-0.1 —0.3 -1.0 —3.0 ~10 


l¢ —Coliector Current —mA 


STORAGE TIME vs. 
COLLECTOR CURRENT 


a ipi=-lp2 
TET oAB= 10 to 20 | 


| 


tstg — Storage Time —ns 





-§.0 -10 —20 -50 -—100 -200 -500 


I¢ -Collector Current — mA 
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NT2907A 


FALL TIME vs. 

COLLECTOR CURRENT 
— == fr WC=—30V 
mr IBIS 182 






- Fall Time — ns 


tt - 


io =f) =< —§6 -100 —-200 —500 


i¢ — Collector Current — mA 


SWITCHING TIME TEST CIRCUIT 


oVoc=—30V 
= 2006 
< 
t——0 VguT 
VIN 10k ,4 
ae ees O-- pA 
16 ¥L__J =500 


4} 240 ns 


rhe 
2g = 500 TO OSCILLOSCOPE 
PRF = 150 pps tp= 5.0 ns 
tts 2.0ns Zin = 10M 


ton SWITCHING 


Vap =t1SV9 Vec=—-6.0V 
370 
LOK 
——o YouUT 
VINE LOOKS t OU 


29 = 500 TO OSCILLOSCOPE 
PRF = 150 pps tp = 5.0ns 
tp = 2.0ns Zin = 10 MO 


toff SWITCHING 
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VOLTAGE WAVEFORMS. 


INPUT 





VOLTAGE WAVEFORMS 
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ELECTRON DEVICE 


DESCRIPTION The 18953, 18954 and 15955 are silicon epitaxial planar 
diodes designed for high speed switching applications. 
FEATURES @ Miniature Package. 


High Power Dissipation. 


Low Capacitance. 








| 





* 


NEC / ~ SILICON SWITCHING DIODES — 
1$953,1S954,1S955 





re 


PACKAGE DIMENSIONS 


in millimeters (inches) 


60, 02) 


@ 1.98 MAX. 
0.08 MAX} 


25 MIN 
(6.98 MIN) 
=! 
ih a) a i 


4 


















es 
@ Fast Recovery Time. =4 , tos 
@ Low Leakage. == S$ 
| | ga te | 
® High Conductance. | “S47 NIFs 
zz 2 | an Cathode Mark | 
ABSOLUTE MAXIMUM RATINGS | | js05e « Grdén & Orawe | 
. sae or a Green 
Maximum Temperatures 1$954 : Green & Yellow 
; 18965 :G &G 
Junction Temperature Tj 200 af 0 —e e 
Storage Temperature T stg —65 to +200 a | FIAJ S$c-A0 
| 35 
Maximum Power Dissipation (Ta=25 “C) - | casa siete 
Power Dissipation P+ 500 mW oes 
Maximum Voltages and Currents (Ta=25 C) 
18953 18954 18955 
Peak Reverse Voltage Vem 55 75 100 V 
Reverse Volstage Vr 30 50 ripe V 
Peak Forward Surge Current (1 fs) IF (surge) 2000 4000 4000 mA 
Peak Forward Current lem 300 600 600 mA 
Average Rectified Current lo 100 200 200 mA 
ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
18953 18954 18955 
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS 
MIN, TYP, MAX, MIN, TYP, MAX. MIN. TYP. MAX, 
Ve Forward Voltage 0.8 1.0 V lF=30 MA 
VE Forward Voltage 0.9 1.0 V l-=100 mA 
VE Forward Voltage 0.9 1.0 V l-F=150 mA 
IR Reverse Current 0.01 0.1 uA VrA=30 V 
IR Reverse Current 0.015 0.1 LA Vr=50 V 
IR Reverse Current 0.03 0.1 LA VrR=/5 V 
Cr Terminal Capacitance 2.0 40 2.0 Ke | 2.0 3.0 pF VrR=0, f=1.0 MHz 
Reverse Recovery Time 2.0 3.0 2.0 3.0 ns lpF=10 mA, VR=6.0 V 









R, =100 2 
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1$953,18954,1S955 | NEC ELECTRON DEVICE 





TYPICAL CHARACTERISTICS (Ta = 25 ~C) 


18953 FORWARD CURRENT REVERSE CURRENT 
vs. FORWARD VOLTAGE vs. REVERSE VOLTAGE 



















<x 
< =I 
Ee 
ab = 
= aa 
: 
5 o 
C2 
a 
i = i 
_ ra a 
$ z 
. na 
LL 
= 
ke 
9 
oy 
. —a ay E 0.000 1 - =e 
0 C2 O04 406 0.8 1.0 2 | 0 © 2 4230 40 #50 6 70 
Ve—Forward Voltage- V Vrp—Reverse Voltage V 
19954 FORWARD CURRENT REVERSE CURRENT 
vs. FORWARD VOLTAGE vs. REVERSE VOLTAGE 
io 
= ben 
: 3 
fa) o 
te = 
i & 
oe (ils 
0. Oy 
0.9] - . 0, 
‘al 02 0.4 O.6 0.8 10 1? ¢) iG 20 30 40 50 60 70 
VE —Forward Voltage—V Vp—Reverse Voltage V¥ 
18955 FORWARD CURRENT REVERSE CURRENT 
vs. FORWARD VOLTAGE vs. REVERSE VOLTAGE 
—_____—__, 
ry 4 
<= 50 H . 
o id | 5 
o | 0 
g | : 
a OS 
0.2 = 
= of 
0.05 Gi 
0.024 G. 
0.01 Oe 
GO 0.2 0.4 0.6 O.8 1.0 oe 
Ve —Forward Voltage —V Ve —Reverse Voltage--V 
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NEC trectron oevice 1$953,1 $954,1 $955 





FORWARD VOLTAGE TEMPERATURE TERMINAL CAPACITANCE 
COEFFICIENT vs. FORWARD CURREN?Y vs. REVERSE VOLTABE 


3.0. ——_—_— 3.0 . Lae 
| | f=1.0 MHz | 


t 








mv 


pF 





Terminal Capacitance 





Forward Voltage Temperature Cnefficient 


@) , 
0.1 6.2 a6 ] 2 6 10 20 60 100 i 2 4 6 310 20 30 


AVE 


le —Forward Current—mA VR--Raverse Voltage V 


REVERSE RECOVERY TIME 
vs. FORWARD CURRENT 


ms 


Reverse Recovery Time 








i — 


20 4d 60 rae 


ae 

| 

— 

a toe eee 

| ry C* 
ol 1] 


le —Forward Current—mA 


try REVERSE RECOVERY TIME TEST CIRCUIT 


ey 











Pylse Generator to Samp DCOpE 
ZouT=50 Q Zin = 50 . 
VIN \ 
t " VOUT 
ics 
‘F 
2 
i | 0 
Ve 
ir 
i 





Test Conditions : |l-=10 mA, VrR=6.0 V, RL=10C0 
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ELECTRON DEVICE 





DESCRIPTION The 1$2207(B) is a hyper-abrupt junction type voltage- 
variable capacitance diode. 

It is designed for electronic tuning circuit applications in 
VHF and UHF bands and features high O, high capaci- 


tance ratio and high reliability. 


FEATURES ®@® High Q. 
® High capacitance ratio. 


® Low leakage current. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 











VARACTOR DIODE 


1$2207(B) 





- PACKAGE DIMENSIONS 


in millimeters (inches) 


(0.001 MAX 3 
a 


; 
| 
| 
0.25 MAX. 
| 
| 
| 


— Cathode Mack 





- io | 
—— te — 0.75 (0.030) 


bem 1 2 MAX, 


(0.047 MAX} 





Junction Temperature Tj 125 Bs 
Storage Temperature T sig —55 to +125 °C 
Maximum Voltages (Ta=25 °C) 
Peak Reverse Voltage Vam a V 
DC Reverse Voltage Vr 25 V 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
: | 
— seers | NC KC, LC, MC 
ame ier ee neriuena MIN. TYP! MAX. MIN. TYP. MAX. 
VR Reverse Voltage 25 25 
Cr 11.0 17.0 
Cr3 | | 9.50: 
Terminal Capacitance 
C6 5.75 
C+10 3.8 6.4 3.80 
Ni 2.5 3.10 
Capacitance Ratio 
N2 2.20 
Ts seriese Resistance 0.6 
Cig Classification 
| Rank KC LO me | 
| CyglpF) 7.75 - 9.76 6.50 -- 8.75 5.75 ~ 7.50 


Cra Test Condition: V_ =6.0 V, f= 1.0 MHz 
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+9! 2.5 10.098) 
est YON 
———— 
UNIT TEST CONDITIONS 
V lp = 1.0 pA | 
VR =2.0 V, f= 1.0 MHa2 | 
-  VR=3.0 V, f= 1.0 MH2 
p 
VrR=6.0 V, f= 1.0 MHz 
VR=10 V, f=1.0 MHz 
Cr2/C+10 
C13/C+10 
0} C,=9.0 pF, f=50 MHz 





NEC ELECTRON DEVICE 1 S2207( B) 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


TERMINAL CAPACITANCE vs. FIGURE OF MERIT vs. 
REVERSE VOLTAGE FREQUENCY 











Lin 
GE. 
i 
a 
= 
= — 
Bc: = 
— a 
3 = 
o be 
i) o 
5 = 
Ee i | 
© l 
s o 
o 
10 50 100 ~=—-200 500 1000 
V_— Reverse Voltage — V f= Frequency — MH 
' ‘ FREQUENCY VARIATION vs. 





Af-—Frequency Variation — MHz 





\ t AFC Di 


Tr : 25C288A(5-B) (or 25C1730) 
Tuning Diode : 1$2208(B) 





Varo AFC Voltage—V 
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ELECTRON DEVICE 





DESCRIPTION The 182208(B) and 1$2209(B) are a hyper-abrupt junction 
type voltage-variable capacitance diodes. 
The 1$2208(B) and 1S2209(B) are designed for electronic 
tuning circuit application in UHF and VHF. 

FEATURES Low series resistance, 0.35 (2 TYP. 


High capacitance ratio. 


Low leakage current. 


High reliability. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Junction Temperature T 125 “c 
Storage Temperature cee —55to+125 °C 
Maximum Voltages (Ta=25 °C} 
Peak Reverse Voltage VrRm 30 V 
Reverse Voltage Vr 30 V 
ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
182208(B 18 (B) 
SYMBOL CHARACTERISTIC 3 : aaa 
MIN. TYP, MAX. MIN TYP, 
VR Reverse Voltage 30 30 
C43 Capacitance 11.0 12.65 10.3 
Cr95 Capacitance 2.0 2.3 2.0 
N Capacitance Ratio 45 4.0 
ls Series Resistance 0.35 0.6 0.35 


NOTE: Diodes are available in matched sets of 20, 60, 120, 120 x rn units. 


For two diodes of one set the following cond 


itions are relevant: 


The variations AC in capacitance values at VR=3, 10, 18 and 25 V are 
less than 2 % for 1$2208(B), 3 % for 1$2209(B). 


Cmax. — Cmin. 
AC= - x» 100 (%) 


Cmin. 
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poplar 


ee 











PACKAGE DIMENSIONS 


in mull 





UNIT 
MAX, 
V 
12.90 pF 
2.5 pF 


0.6 ?. 


imeters (inches) 


0.25 MAX. 
(O.001 MAX.) 
if : 
| 


Eo owt 
AO WW 


11.2 MAX. (0.047 MAX): 





TEST CONDITIONS 


IR=1.0 vA 

V R=3.0 V, f=1.0 MHz 
VR=25 V, f=1.0 MHz 
Cr3/Cr25 

C=9.0 pF, f=50 MHz 


s Cathode Mark 






SILICON VARACTOR DIODES 


1$2208(B),1S2209(B) 





— 





290 SS 5 eo 









NEC tcectron vevice 1$2208(B),1S2209(B) 





TYPICAL CHARACTERISTICS (Ta = 25 °C} 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 


——- Bnet mee —EE 


—j+—__—. Th i 
| 


ane oe H+ 


A A AE ot sSeeees f= 1.0 MHz 








50 | Le ae be a 


| 
| | | | | | 
—}— o—t 4 ta 1 he eat ape 
| | | : 
| | 
20 2 Gee 
~ 

a | 
| 


Ct—Terminal Capacitance — pF 
o 
: 





| | | | j 
Se ee oo a Sanna ‘Saal (RSE! VSG ST ‘Sas a Geena a 


? oo —- +44——__1__,_+_,- eee — 


meee | ; | | | 
15 1 9 6 ~ 19 20 


Ve Reverse Voliage—V 


FIGURE OF MERIT vs. FREQUENCY 





ee — J —__] : aS aE : 
— Ses — =n aay © > bk = 4 C —3 fi E 
See ae a “T = = ——. “t mew wD ¢ 
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Figure of Merit 
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ELECTRON DEVICE 








DESCRIPTION The 1592222 is designed for electronic tuning circuit appli- 
cations in UHF/VHF bands switch and VHF (Low CH., 
High CH.) bands switch. 


FEATURES “*-° #®@ Low series resistance. 
@ Low terminal capacitance. 


® High reliability. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 

Junction Temperature Tj 150 “a 

Storage Temperature Tstg 95 to +150 “GC 


Maximum Power Dissipation (Ta=25 C) 


Power Dissipation P- 250 mW 
Maximum Voltage and Current (Ta=25 °C) : 

Reverse Voltage Ve 35 V 

Average Rectified Current I, 100 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SILICON SWITCHING DIODE 























oY MBOL CHARACTERISTIC MIN, TYP. 
Ve Forward Voltage 1.7 V 
Vp Reverse Voltage 35 V 
Iq Reverse Current 0.5 50 nA 
re Series Resistance 0.6 1.0 2 
Cy Terminal Capacitance 0.8 1.0 pF 


964 


MAX. UNIT 


1S2222 





in millimeters (inches) 


PACKAGE DIMENSIONS 


0.25 MAX. 
iNoo) MAX.) 


Cathode Mark | 





, [rl rs far 
wt 0.0730) 


mee 2 MAX. 10.047 MAX.) 
| 


{em 7.5 (0.008) 








TEST CONDITIONS 


lF=100 mA 

IR=1.0 uA 

VR=30 V 

|E=10 mA, f=100 MHz 
VR=15 V, f=1.0 MHz 











NEC ttectron vevice | | 182222 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 


REVERSE CURRENT vs. SERIES RESISTANCE vs. 
REVERSE VOLTAGE . FORWARD CURRENT 
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nT - reat a aT tk 
lp —Forward Gurrent 
r+ ho 
(om) oO 


a8, 























rs —Senes Resistance: -: 














Ve —Forward Voltage —V le —Forward Current —mAéA 
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Vp —Reverse Voltage —V 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 
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NEC SILICON UHF DETECTOR & MIXER DIODE 


ELECTRON DEVICE 



















DESCRIPTION The 18516 is designed for UHF detector and Mixer Diode circuit. | 
applications in TV Tuner. | PACKAGE DIMENSIONS 
“ | in millimeters linches) 
| 
Ft 
FEATURES @ Low Capacitance. eres | | 
Ze 
P @ High Conductance. | =e | 
eh | : 02.7 MAX. (@0.106 MAX 3 
® Low Noise. s| a th 
@ High Immunity of Surge Current. | ts | | 
fe | 
= = Cathode Mark 
a) = 
ABSOLUTE MAXIMUM RATINGS * | re 
Maximum Temperatures | 2 a 
5 | ze 00.5 (p0.02) 
Junction Temperature Tj 100 C gee 
Bo | | 
Storage Temperature Tstg ~65to +100 “G } 3} | | 
Maximum Voltage and Current (Ta=25 °C) | a 
Peak Reverse Voltage Vem 5.0 V 
Average Rectified Current - 30 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


—EEEEEESEeEeEE——————E——eEEE ——————— EE ao 

















L SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS | 
| IF Forward Current 30 mA Ve=0.5 V 
| IR Reverse Current 25 uA VR=0.5V 
Cy Capacitance 0.9 pF Va=0.2 V, f=1.0 MHz 
mo f, OC =855 MHz, fj f=45 MHz, | 
NF iN F : 1Q., IB 
oise Figure 9.5 10.5 dB Nip=3.7 dB, 15=2.0 mA | 
Be Reverse Burn Out 2.0 erg | 


1SSTe 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 





fLloc=855 MHz 
fir = 45 MHz 
Nip=3.7 dB 








NF —Noise Figure—d& 
Cr— Capacitance — pF 


lo —Average Rectified Current--mA 


NF TEST CIRCUIT 


UHF 


Matching 
Pad 






Noise 
Sourse 


Local 
Oscillator 


f=855 MHz | 


TYPICAL APPLICATION for UHF TV TUNER 


aes rm 


lo — Average Rectified Current 











VrR—Reverse Voltage--V 


Directional Crystal 
Coupler Mount 


45 MHz 
le Amplifier 


DC Current 


Meter 





4) 


SS eee ee 


500 600 700 R00 900 





f—Frequency— MHz 





1$S16 





IR —Reverse Current— pA 





IF - Forward Current - 


oO 





0.2 04 06 O08 1.0 
Ve — Forward. Voitage — V 


eS ee 
Q 1 2 3 4 § 
Vr—Reverse Voltage—V 


Matching 


Attenuator 





Noise Figure —dB 
emer 
| 


700 800 900. 


NF 
5 
: 


¢ —Fréquency— MHz 
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SILICON UHF MIXER DIODE 


1SS43 





NEC 


ELECTRON DEVICE 















DESCRIPTION The 18843 is silicon epitaxial schottky barrier diode, especially © YT 
designed for UHF mixer, and modulator. | PACKAGE DIMENSIONS. 


in millimeters (inches) 


FEATURES ® Low distortion. 





® Uniform forward characteristic. 


35 MIN 
(1.377 MIN.) 


| @2.7 MAX. (09.106 MAX.) 








| 
= Cathode Mark 
ABSOLUTE MAXIMUM RATINGS | OD ao 
Maximum Temperatures | = | 
Junction Temperature Tj 150 “S | <t 
Storage Temperature T stg ~65to+150 “C | Zs | sens | 
Maximum Voltage and Currents (Ta=25 °C) | a | | 
Reverse Voltage VR 5.0 V ka | 
Peak Forward Current (1 ps) lem 90 mA | | 


. Color Code | 
Average Rectified Current lo 30 mA Yellow, Orange : 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 





SYMBOL CHARACTERISTIC MIN, TYP. MAM. UNIT TEST CONDITIONS 
VE Forward Voltage 460 550 mV i-F=10 mA 
IR Reverse Current 1.0 uA VrR=5.0 V 
Cr Terminal Capacitance 0.55 0.75 pF VrR=5.0 V, f=1.0 MHz 
AVE Delta Forward Voltage 10 mV l-=10 mA (Batch Matched) 
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NEC tcectron vevice 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


FORWARD CURRENT vs. FORWARD VOLTAGE 
100 | 
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lp —Forward Current- 























Ve —Forward Voltage—V 





~Terminal Capacitance — pF 


Ct 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 


f=1.0 MHz 
b=0.8 V 





0.5- ) pote ey 
Ssuan Saeee! Ga TE a 8 | Rl 
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| | | 


oo ool oe eS ee 


Vp +d Reverse Voltage V 


1$S43 
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NEC 


ELECTRON DEVICE 






DESCRIPTION 


designed for general purpose applications. 


FEATURES ® Miniature package. 

® High power dissipation. 
® Low leakage. 
co] 


Low price. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
Junction Temperature 
Storage Temperature 

Maximum Power Dissipation (Ta=25 °C) 
Power Dissipation 


Maximum Voltages and Currents (Ta=25 °C) 


Peak Reverse Voltage 


Reverse Voltage VR 


Peak Forward Surge Current (1 Ms) IF (surge) 


Peak Forward Current lem 
Average Rectified Current lo 
"C) 


ELECTRICAL CHARACTERISTICS (Ta = 25 





15853 


SYMBOL CHARACTERISTIC 


VRM 


o 


T; 200 c 
Tstg —65to+200 °C 
18853 18554 15555 
35 75 100 V 
30 50 75 Vv 
2 000 mA 
300 mA 
100 mA 


1SS54 






The 18853, 1$8S54, and 18855 are silicon epitaxial planar diodes 


15855 


SILICON DIODES 


1SS53,1SS54,1SS55 


r 


! 








PACKAGE DIMENSIONS 7 


in millimeters (inches) 















> | 
7 | =a 3| 
an ==! 
© oD oF | 
2 = no! 
z= o —“¢| 
in on TT i 
oa > - | 
32] $3 
on | | og 
o3p-—SA_i%¢ 
| <a 
zz we Cathode Mark 
==) 
oo: P 
19 o 
=| 18853 : White 
| 18854 : Blue 
oe 15555 : Red 
EIAJ : SC-40 


JEDEC : 00-35 





UNIT TEST CONDITIONS 


MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 


Forward Voltage 
Forward Voltage 
Reverse Current 
Reverse Current 
Reverse Current 


Terminal Capacitance 


Reverse Recovery Time 
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— ———————————————e—— = 


0.7 
0.85 


0.8 
1.0 


0.1 


5.0 


0,7 
0.85 


ee ee 





0.8 V 
1.0 V 


lF=1.0 mA 

IlF=30 mA 

VR=30 V 

VR=50 V 

uA VrR=/5 V 

pF VrR=0, f=1.0 MHz 

ns If=10 mA, VR=6.0 V 
RiL=100 £2 


LA 
uA 


NEC trectron vevice | | 18S$53,1S$54,1SS$55 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


FORWARD CURRENT vs. FORWARD VOLTAGE REVERSE CURRENT vs. REVERSE VOLTAGE 
(15555) 











i 000 100 
500) 
200 
i100 << 
—=— 0 = 
E nf 
| 20 = 
_ : a 
a iG = 
= 5 < 
» Ww 
a 2 — 
a > 
= l 2 
S ips 1 
fede & 
i 0.2 
o 1 
005 4) 
0.02) 0.0G? 
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Vp —Forward Voltage—V VR-Reverse Voltage—V 
TERMINAL CAPACITANCE . REVERSE RECOVERY TIME 
vs. REVERSE VOLTAGE vs. FORWARD CURRENT 
on 
Le 2 


Terminal Capacitance 
neverse Recovery Time 


Ch 





tes 
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un | 
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VR—Reverse Voltage V 


l- — Forward Current— mA 


try REVERSE RECOVERY TIME TEST CIRCUIT 


O.02 uk 











ZOUT ZiN 


Pulse Generator _ | * al ae to Samaling Sccpe 
50 @ S 7 | e 7in= 50 O 
S 3 «2 | 











Test Conditions : l-=10 mA, VR=6b.0 V, RL =100 N 
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ELECTRON DEVICE 








DESCRIPTION The 18897 is silicon epitaxial schottky barrier diode, especially 
designed for mixing, switching, log or A-D converting, frequency 


discriminating sampling and wave shaping. 


FEATURES ® Small size glass package. (DO-35 TYPE) 
@ High breakdown voltage: 
VR=10 V MIN. at Ip=10 uA 


® Bach matched. 


Low cost. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Junction Temperature Tj 175 °C 

Storage Temperature Tstg —65to+175 °C 
Maximum Power Dissipation (Ta=25 °C) 

Power Dissipation Pr 150 mW 
Maximum Voltage and Current (Ta=25 °C) 

Reverse Voltage VR 10 V 

Forward Current Ir 35 mA 

Reverse Burnout* Ep 2.0 erg 


Note* : Capacitor charge method C(charge)=25 pF 


ELECTRICAL CHARACTERISTICS (Ta = 25 C) 








SILICON MIXER DIODE 





SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT 
VR Reverse Voltage 10 V 
VE Forward Voltage 0.46 0.55 V 
AVE Delta Forward Voltage* 10 mV 
Ctr Capacitance 1.0 pF 


ACt Delta Capacitance* 0.2 pF 


Note * : Difference of Ve, Cy. 





9f2 


1SS97 





PACKAGE DIMENSIONS 


in millimeters (inches) 


Cathode | 


e ¢ 0.4 


“ 


<a 

oS 

Ca 

is 
x} 25 MIN 
sa 


AAA, 
(0.98 MIN.) (0.18 MAX.) (0.98 MIN) 


as Mi, 


é 1.98 MAX. 
(6 0.08 MAX.) 


| Anode 


25 MIN, 


L2 








Color Code (from cathode) 
Green, Blue 


TEST CONDITIONS 


IR=10 uh 
lF=10 mA 
l-F=10 mA 
Vr=0, f=1.0 MHz 
Vr=0, f=1.0 MHz 






NEG ttectron oevice 1SS97 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. REVERSE CURRENT vs. 
FORWARD VOLTAGE REVERSE VOLTAGE 
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iF — Forward Current —mA 


IR Reverse Current — yA 














/ i — are a 
VE —Forward Voltage —\ VR-—Reverse Voltage V 


CAPACITANCE vs. 
REVERSE VOLTAGE 








- Capacitance — pF 


Uy - 


ie = <a 10 


Ve+¢q-Reverse Voitage--V 
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ELECTRON DEVICE 


SILICON MIXER DIODE 


1SS98 





DESCRIPTION The 18898 is silicon epitaxial schottky barrier diode, especially 


designed for mixing, log or A-D converting, video detecting, 


PACKAGE DIMENSIONS 





in millimeters (inches) 


frequency disctiminating, sampling and wave shaping. 


FEATURES ~ © Small size glass package. (DO-35 TYPE) 
® Midle turn-on voltage. 

Ve=0.34 V MAX. at lp =1 mA | 

| 


@® Low cost. 


ABSOLUTE MAXIMUM RATINGS 





Maximum Temperatures 


o 


eee f 

















Junction Temperature Tj 175 C 
Storage Temperature Tstg —65 to +175 ec 
Maximum Power Dissipation (Ta=25 C) |, Gelor;Code (from cathode) ; 
Ws - Orange, Blue ; 
Power Dissipation Pr 150 mW : 
3 O —— es 
Maximum Voltage and Current (Ta=25 °C) 
Reverse Voltage Ve 5.0 V 
Forward Current IF 50 mA 
Reverse Burnout” Bo 2.0 erg 
Note * : Capacitor charge method Cicharge)=25 pF 
ELECTRICAL CHARACTERISTICS (Ta = 25 °C) 
SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNIT TEST CONDITIONS 
VR Reverse Voltage 5.0 V Ip=100 vA 
IR Reverse Current 500 nA VrR=1.0V 
VEq Forward Voltage 0.34 V l-F=1.0mA 
Ves Forward Voltage 0.45 V l-F=10 mA 
Cr Capacitance 1.0 pF Vr=0, f=1.0 MHz 





a Ah La 
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NEC ELECTRON DEVICE 


1SS98 


=25 °C) 


TYPICAL CHARACTERISTICS (Ta 


REVERSE CURRENT vs. 
REVERSE VOLTAGE 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 





Wit — wand aSsaray — Y| 


Yl — Juang puemso.4— | 








0. sia 


—Reverse Voltage —V 


VR 


Ve-—-Forward Voltage —V 


CAPACITANCE vs. 
REVERSE VOLTAGE 
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Vp- Reverse Voltage—V 
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NEC 


ELECTRON DEVICE 











DESCRIPTION 


designed for mixing, log or A-D converting, video detecting, 


frequency discriminating, sampling and wave shaping. 


FEATURES - ® Small size glass package. (DO-35 TYPE) 
@ Low noise figure. 
Low turn-on voltage. 
Ve=0.23 V MAX. at lp=i1 mA 
@ Low capacitance. 
C,=0.9 pF MAX. at 1 MHz, VR=0.2 V 


® Low cost. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Junction Temperature Tj 

Storage Temperature T stg 
Maximum Power Dissipation (Ta=25 C} 

Power Dissipation P+ 


Maximum Voltage and Current (Ta=25 °C) 


Peak Reverse Voltage Vem 
Forward Current i 
Reverse Burnout” Bo 


Note* : Capacitor charge method C(charge)=25 pF 


ELECTRICAL CHARACTERISTICS (Ta = 25 “C) 


The 18899 is silicon epitaxial schottky barrier diode, especially 


SILICON DETECTOR & MIXER DIODE 


1SS99 





stone | 


| pac KAGE DIMENSIONS | 


in millimeters (inches) 
| 
| 
| 
| 


# 
2 (= = en 





| rn fo 
Cathode - | = z 

| =|= | 
; | & 
4 604 Cw | l=. 
| (f 0.02) oe +3 
<| 3 
| & 
¢ 1.98 MAX. — - > 
(A 0.08 MAX.) =| 7 
Anode-— ou a 


Color Code (from cathode) 
{75 ° Black, Blue 
—65to+175 °C 


_ ae | 
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SYMBOL CHARACTERISTIC MITT, TYP. 
IR Reverse Current 
VF Forward Voltage 
le Forward Current 30 
Ct Capacitance 


= —_—— SS mm SS mm a 








150 mW 
5.0 V 
30 mA 
2.0 erg 
MAX UNIT TEST CONDITIONS 
25 uA Vr=0.5V 
0.23 V i-F=1.0 mA 
mA VF=0.5 V 
0.9 pF VrRe=0.2 V, f=1 MHz 








NEC ELECTRON DEVICE 1 Ss99 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. REVERSE CURRENT vs 
REVERSE VOLTAGE 


— | 
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CAPACITANCE vs. 
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ELECTRON DEVICE 





DESCRIPTION The 1$S$101 is silicon epitaxial schottky barrier diode, especially 
designed for mixing, switching, log or A-D converting, frequency 
discriminating, sampling and wave shaping. 

FEATURES ~—  e Small size glass package. (DO-35 TYPE) 


High breakdown voltage. 

Vr=70 V MIN. at lR=10 WA 
@ High turn-on voltage. 
Ve=0.41 V MAX. at l-=1 mA 


® Low cost. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 








Junction Temperature Tj 175 =e 
Storage Temperature T stg —65to +175 “C 
Maximum Power Dissipation (Ta=25 °C} 
Power Dissipation Py 150 mW 
Maximum Voltage and Current (Ta=25 °C) 
Reverse Voltage Vr 70 V 
Forward Current lr 15 mA 
Reverse Burnout* By 2.0 erg 
Note* : Capacitor charge method C(charge)=25 pF 
ELECTRICAL CHARACTERISTICS (Ta = 25 “C) 
| SYMBOL CHARACTERISTIC MIN. TYP, MAX. UNIT 
VR events Voltage 70 OO To 7 
IR Reverse Current 200 nA 
VE Forward Voltage 0.41 V 
lf Forward Current 15 mA 
Cr Capacitance 7.0 pF 


SILICON MIXER DIODE 






1338101 





| 
| | 
PACKAGE DIMENSIONS | 


in millimeters (inches) 


E 





hee | 
Cathode — >= Zz 
+| = = 
bi | & 
¢04—E—- “Ia 
id 0. 02) ; —= aE 
=|= | 
nm, 2 | 
é 1.98 | z|z | 
(@ 0.08 MAX) =\= | 
Anode—. 2| & 
Oi =" 
eee 2 


| 


Color Code (from cathode) 


i Red, Blue 





TEST oe aad IONS 


er Br 


ies 10 wA 
VrR=50 V 

le=1.0 mA 
VF=1.0V 

Vr=0, f=1.0 MHz 
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NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 
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VR —Reverse Voltage --V 
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ELECTRON DEVICE 





DESCRIPTION The 188103 is designed for use in UHF/VHF electronic 
tuner and VHF low, high channel switch. 
FEATURES @ Low series resistance r,. 
= @® Low leakage current. 


Ip = 50 nA at Ve =30 V 
® High reliability. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Junction Temperature Tj 150 i 

Storage Temperature Tstg —65 to +150 “C 
Maximum Power Dissipation (Ta=25 °C} 

Power Dissipation P+ 150 mW 
Maximum Voltage and Current (Ta=25 °C) 

Reverse Voltage Ve 35 “Mv 


Average Rectified Current |, 100 mA 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 
Forward Voltage 
Reverse Voltage 
Reverse Current 


Terminal Capacitance 


RF Series Resistance 
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SWITCHING DIODE 


1SS103 





PACKAGE DIMENSIONS 


in millimeters (inches} 


O25 MAX. 
(9.001 MAX} 
— 


Catnode Mark 





at —te-0.75 (0.630) | 
1.2 MAX. 10,047 MAX } 


le = 100 mA 

IR =1.0 pA 

VRe=30 V 

Vrp=15 V, f=1.0 MHz 
lp = 2.0 mA, f= 100 MHz 








NEC ttectron vevice — 188103 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 


SERIES RESISTANCE vs. 


REVERSE CURRENT vs. FORWARD CURRENT 


REVERSE VOLTAGE 
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TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 
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SILICON SWITCHING DIODES 


1$$202,1$$202(1),1$S203,1SS204 


NE 


ELECTRON DEVICE 











DESCRIPTION The 188202, 15$202(1), 185203 and 155204 are silicon | 
epitaxial diodes designed for high speed switching applications. PACKAGE DIMENSIONS ’ 


in millimeters (inches) 





























7-5 | 
i 60.4 TYP 
| ‘ _ | | (¢ 0.02 TYP.) | 
FEATURES @ Miniature Package. i = ens | 
“= @ ~High Power Dissipation. - z 
= o!/ ' 
@ Low Capacitance. 1 & | @ 2.0 MAX. 
a | __(¢ 0.08 MAX.) 
® Fast Recovery Time. | p< rt 7 ae | 
® Low Leakage. | | | | 
g = re | 
® High Conductance. <= | 
= 
a fp 
a) \ CATHODE MARK 
ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures z =| 
; o ie 1SS202 : Green 
C ate 
Junction Temperature Tj 200 S| 1$8202 (1) : Purple | 
Storage Temperature Tstg —65to +200 C 1$$203 : Yellow | 
. ara é 1$S204.—: Black | 
Maximum Power Dissipation (Ta=25 C) a 
Power Dissipation Py 400 mW | EIAJ — 
Maximum Voltages and Currents (Tg=25 °C) | JEDEC = DO-34 | 
188202 155202 (1) 155203 155204 
Peak Reverse Voltage Vem 35 100 75 100 +=V 
Reverse Voltage Vr 30 75 50 #6... M 
Peak Forward Surge Current (1 us) le (surge) 2000 2000 4000 4000 mA 
Peak Forward Current len 300 300 600 600 mA 
Average Rectified Current lo 100 100 200 200 mA 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
1$$202 1$$202 (1) 1SS203 1SS204 | 
UNIT TEST CONDITIONS 
RIOTS. Hearn nn een ANS aye MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX, 
VF Forward Voltage 0.8 1.0 0.86 1.0 VY lF=30 mA 
VE Forward Voltage 0.5 1.0 V l-=100 mA 
Ve Forward Voltage 0.9 1.0 V l-=150 mA 
IR Reverse Current 0.01 0.1 uA VR=30V 
IR Reverse Current 0.015 Q.1 LA Vr=50 V 
IR Reverse Current 0.03 0.1 0.03 0.1 uA VrR=75V 
Cr Terminal Capacitance 2.0 4.0 20 4.0 2.0 3.5 2.0 3.0 pF Vr=0, f=1.0 MHz 
trr Reverse Recovery Time 2.0 3.0 2.0 3.0 2.0 3.0 2.0 3.0 ns Ilp=10 MA, VRp=6.0 V 
R_=100 2 
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TYPICAL CHARACTERISTICS (T,=25 °C) 









































188202 FORWARD CURRENT REVERSE CURRENT 
vs. FORWARD VOLTAGE vs. REVERSE VOLTAGE 
1.000 
500 | 
« 200 < 
E 100 | 
 » 6 
= 20 5 
6 10 ? 
Se 5 cd 
ci pel 
_- z = 
5 4 & 
ie 1 
| (ea 
L085 a 
0.2 
0.1 
0.05 
0.02 
Ol cee 
sa 2 O44 0.6 08. 10 12 
Vr--Forward Voltage—v 
188202 (1) FORWARD CURRENT REVERSE CURRENT 
vs. FORWARD VOLTAGE vs, REVERSE VOLTAGE 
< = 
E | 
z = 
[= tv k) 
® = 
5 S 
3 
2 . 
E 3 
o ce 
Lin | 
| x 
iv 
0 02 O4 406 O8 lo 12 0.0001—5-—T9 99 +30 40. °«=50 #260 ~°«70 
Ve—Forward Voltage —\ VR—Reverse Voltage—V 
18$203 FORWARD CURRENT REVERSE CURRENT 
vs. FORWARD VOLTAGE vs. REVERSE VOLTAGE 
ce ol aaa van Es Se 
< 
i , 
© 5 
2 9 —_—$————+4-_ + 
ca wi | we 
= 2 ae Ta=25 C —+—_—= a 
S @ | _ 
Li. cr <= : - “ad a =4 
l | oe eek See pee eee 
Le ie oS 
0 o2 O4 O06 O8 10 12 
VF—Forward Voltage—V Ve —Reverse Voltage —V 
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AVe—Forward Voltage Temperature Coefficient—mV/T 


1$$202,1SS202(1),1S8S203,1SS204 


155204 FORWARD CURRENT 
vs. FORWARD VOLTAGE 














= 
= 
3 £ 
| a 
= = 
ar = 
: : 
3 a 
= A 
oS. [ 
. i 
Le 
Ve —-Forward Voltage—-V 
FORWARD VOLTAGE TEMPERATURE TERMINAL CAPACITANCE 
COEFFICIENT vs. FORWARD CURRENT vs. REVERSE VOLTABE 






































3.0 
re. 
a 
| 
a 
= 
= 
bi} 
Oo 
Pin 
oa 
ey 
) 
a 
= 
E 
cr 
- 
os 
0.1 0.2 AS. 6 10 20 60 100 
IF —Forward Current—mA VR~Reverse Voltage—V 


ty; REVERSE RECOVERY TIME TEST CIRCUIT 


0.02 uF 


O) to Sampling Scope 
ZIN=50 © 


Pulse Generator 
ZQOUT=50 & 





{4 VIN 


Ve | 


°o—_—— 
VR 


— ae 


Test Conditions : I-F=10 mA, VR=6.0 V, R,_=100 2 
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REVERSE CURRENT 
vs. REVERSE VOLTAGE 








try —Reverse Recovery Time—ns 





—_—~ 


ee ——— SS Se Be ae 


= ote. ; , ae Oe ~~ -— _ 
| 4 


th na ee em 


i 
j j | 
— o —- -—_« --—__-¢—_____ __+— 
; 


0 30 4 50 60 70 


VR—Reverse Voltage —V 


REVERSE RECOVERY TIME 
vs, FORWARD CURRENT 














—— <_<} _____+,—_____. 








G 20 40 60 


lp -Forward Current—mA 


VOUT 





NEC 


ELECTRON DEVICE 





DESCRIPTION 


diodes designed for general purpose applications. 


FEATURES @ Miniature package. 
High power dissipation. 
® Low leakage. 


® Low price. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
Oo 


The 188205, 1SS206, and 1SS207 are silicon epitaxial planar 


Junction Temperature Tj 200 me 

Storage Temperature Tstg —65 to +200 sf 
Maximum Power Dissipation (Ta= 25 °C} 

Power Dissipation Py 400 mW 
Maximum Voltages and Currents (Ta= 25 °C) : 

188205 155206 155207 

Peak Reverse Voltage Vem 35 75 ~=100 V 

Reverse Voltage Vr 30 50 75 V 

Peak Forward Surge Current (1 Ms) IF (surge) 2 000 mA 

Peak Forward Current lem 300 mA 

Average Rectified Current lo 100 mA 


ELECTRICAL CHARACTERISTICS (T= 25 °C) 





155205 183206 


SYMBOL | 
MIN. TYP. MAX. MIN. TYP. MAX. 


CHARACTERISTIC 


——— 


Forward Voltage 0.7 


0.85 


0.8 
1.0 


0.7 
0.85 


0.8 
1.0 
0.1 


Forward Voltage 
Reverse Current 
Reverse Current 0.1 
Reverse Current 


Terminal Capacitance 5.0 


Reverse Recovery Time 








SILICON DIODES 





1$$205,1SS206,1SS207 








PACKAGE DIMENSIONS 


in millimeters (inches) 









i 


¢ 0.4 TYP. 
(¢ 0,02 TYP.) 
Ez 
€: 
0 Ri ¢ 2,0 MAX. 
S (¢@ 0.08 MAX.) 

é 

$s 

oN 

NG ” 

= “. CATHODE MARK 

z Z| 

== 

= oo 

i of 

“2 1SS205 : White 
1SS206 : Biue 
1SS207 : Red 
ElAJ : 
JEDEC 


: DO-34 





188207 


+ 


0.7 
0.85 





UNIT TEST CONDITIONS 


MIN. TYP. MAX, 


lF=1.0mMA 

I-F=30 mA 

VrR=30 V 

VrR=50 V 

VrR=75 V 

VrR=0, f=1.0 MHz 
l-=10 mA, VR=6.0 V 
RL=100 9 


0.8 
1.0 


V 

V 
uA 
BA 
LA 
pF 

ns 
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1$$205,1$S206,1SS207 NE 


ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T,=25 °C) 


FORWARD CURRENT vs. FORWARD VOLTAGE REVERSE CURRENT vs. REVERSE VOLTAGE 





\—F ~ Forward Current— mA 








Q 0.2 0.4 0.6 0.8 


r=) 


Ve—Forward Voltage—V 


TERMINAL CAPACITANCE 
vs. REVERSE VOLTAGE 


IR Reverse Current—nA 





(188207) 








49 60 8c 100 
VR—Reverse Voltaze—V 


REVERSE RECOVERY TIME 
vs. FORWARD CURRENT 








Ct-- Terminal Capacitance-- pF 
trp —Reverse Recovery Time—ns 





i 2. 3. 5 10 20 30 
VrR—-Reverse Voltage—V 0 20 40 60 ac 





lp —Forward Current— mA 


trp REVERSE RECOVERY TIME TEST CIRCUIT 


0.02 xF 
Pulse Generator 
ZOUT=&0 & 






to Sampling Scope 
Zin= 50 & 


ANODE 
BIAS 
SUPPLY 






Test Conditions : |-F=10 mA, VR=6.0 V, Ry =100 2 
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SILICON SWITCHING DIODES 


1SS229,1SS230 





NEC 


ELECTRON DEVICE 






DESCRIPTION The 1SS229 and 1SS230 are silicon epitaxial planar double 


diodes designed for high speed switching applications. PACKAGE DIMENSIONS 
s in millimeters (inches) 





5.2 MAX. 


FEATURES (0.204 MAX.) 


Low Capacitance. 







= Fast Recovery Time. 


_~* 


+ 
* 
@ Low Leakage. 
s 











| 
' 
High Conductance. | E < | 
| ea | 
3 
ABSOLUTE MAXIMUM RATINGS _ 
Maximum Temperatures sca |Z z | 
Junction Temperature T 150 ah gS | 
Storage Temperature Ta —55 to +150 "C i ; oa 
Maximum Power Dissipation (T,=25 °C) = S | 
Power Dissipation Pp” 300 mW ae = | 
Maximum Voltages and Currents (T,=25 °C) 23 
1$S229 71$S230 ye 
Peak Reverse Voltage Vem 35 75 V = | 
Reverse Voltage Vp 35 75 V 1. Anode EIAJ : SC-43A 
Peak Forward Surge Current (1us)} IF (surge) «6 000 +6000 mA | eae * ee ee 
Peak Forward Surge Current (1 ps) IE (surge) 4°000 4000 mA | 
Peak Forward Current lem” 450 450 mA OE ced 
Peak Forward Current len 300 300 mA 30—P}— 
Average Rectified Current lo” 200 200 mA seen — 
Average Rectified Currerit lo 100 100 mA 
(Note) * Total Value 
ELECTRICAL CHARACTERISTICS (T,=25 °C) 
SYMBOL CHARACTERISTIC rere ici UNIT TEST CONDITIONS 
MIN. TYP. MAX. = MIN. TYP. MAX. 
Ve Forward Voltage 0.67 1.0: OO 0.67 1.0 V Il-p=10 mA | 
| Ve Forward Voltage 0.75 1.1 0.75 1.1 V lp=50 mA 
| Ve Forward Voltage 0.85 {2 0.85 1.2 V I-=100 mA 
| Im Reverse Current 0.1 LA VR=30 V | 
IR Reverse Current 0.1 mA VR=50 V 
| C; Terminal Capacitance 14 4.0 1.1 4.0: pF VR=0, f=1.0 MHz 
| | ter Reverse Recovery Time 3.0 3.0 ns lF=10 mA, VR=6.0 V 


RL =100 2 
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1$$S229,1SS230 NEC ttectron pevice 





TYPICAL CHARACTERISTICS (T,=25 °C) 


FORWARD CURRENT vs. REVERSE CURRENT vs. REVERSE CURRENT vs. 


FORWARD VOLTAGE REVERSE VOLTAGE REVERSE VOLTAGE 
1$8229 188229 
100 p> = , 





FEI inane : a = = == = == = 
50 Seeti — - - +t a a (a LS 7 an E = 




















a = 
E — 
rh ! 5 
e ° = &§ 
a > o a 
g s 3 
, 1 = 
= 
0.5 
0.2 
0 0. 0.4 0.6 0.8 1. 1. 
Vp—Reverse Voltage—V VR-~- Reverse Voltage—V 
Ve—Forward Voltage—V 
FORWARD CURRENT V5. TERMINAL CAPACITANCE vs. REVERSE RECOVERY TIME Vs. 
FORWARD VOLTAGE REVERSE VOLTAGE 185229 FORWARD CURRENT 198229 
155230 1§$230 
= 20 ) — 
VR=6 V 






| =RL=100 2 








lp -Forward Current—mA 
Ct—-Terminal Capacitance— pF 
trr—Reverse Recovery Time—ns 








“O5 1. 2 5 10 20 50 100 
“002 #O4 06 08 10 12 VR—Reverse Voltage—V ie —-Forward Current—mA 
Ve—Forward Voltage— 


t, REVERSE RECOVERY TIME TEST CIRCUIT 


0.02 uF 
Pulse Generator 


f) to Sampling Scope 
ZQuT=50 2 


ZIN=50 





Test Conditions : IF=10 mA, Vp=6.0 V,RL=100 © 
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SILICON SWITCHING DIODES 


1SS231,1SS232 





NEC 


ELECTRON DEVICE 











DESCRIPTION The 1$$231 and 1$S$232 are silicon epitaxial planar double | ~ —— 

diodes designed for high speed switching applications. PACKAGE DIMENSIONS 
; in millimeters (inches) | 
5.2 MAX. 
FEATURES © Low Capacitance. (0.204 MAX.) 
Ds ® Fast Recovery Time. 

@ Low Leakage. 
® High Conductance. 


—55 MAX 
(0.216 MAX.) 


Maximum Temperatures 0.018) F = 
= 

Junction Temperature Tj 150 “Cc , |Q2 
Storage Temperature Tstg —55 to +150 °C S ~ 


| 
ABSOLUTE MAXIMUM RATINGS 


Maximum Power Dissipation (T,=25 °C) 
Power Dissipation P+” 250 mW 


Maximum Voltages and Currents (T,=25 °C] E 3 
1$$231 -18S232 Re 
Peak Reverse Voltage Vam 35 75 V | - 
Reverse Voltage Vr 35 75 V | ae ceeds BrAd- 4 SCa5A 
Peak Forward Surge Current (1s) —IF (surge)’) 6000 6000 mA eee ong ake Urialy 
Peak Forward Surge Current (1 us) IE (surge) 4 000 4000 mA 


| paabee 
Peak Forward Current lem 450 450 mA | 3 
Peak Forward Current lem 300 300 mA 20— 
Average Rectified Current lo™ 200 200 mA eer nae 


Average Rectified Current lo 100 100 mA 


(Note) * Total Value 





ELECTRICAL CHARACTERISTICS (T,=25 °C) 




















~ svie0t CHARACTERISTIC vee Sahai UNIT TEST CONDITIONS 

| MIN. Tite; MAX. MIN. TYR. MAX. 

| Ve _ Forward Voltage —  720— 1 0.72 #10 °&V Ip=10 mA 

Ve Forward Voltage 0.88 1.1 0.88 1.1 V I-=50 mA 

VE Forward Voltage 1.0 ‘2 1.0 1.2 Vv Ie=100 mA 

| Ip Reverse Current 0.1 uA VR=30 V 

Ip Reverse Current 0.1 HA ViR=50 V ! 
Cr Terminal Capacitance 2.0 4.0 2.5 3.5 pF VirR=0, f=1.0 MHz | 

| 


| ter Reverse Recovery Time 4.0 4.0 ns IlF=10 mA, VR=6.0 V 
— R,=100 2 
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18$$231,1SS232 NE y ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T,=25 °C) 


FORWARD CURRENT vs. REVERSE CURRENT vs. FORWARD CURRENT vs. 


FORWARD VOLTAGE  j.n53) REVERSE VOLTAGE eae, FORWARD VOLTAGE 
100 cS Ses SE NN Se ke a — = 100 = i —— 











= ee at a 
fp : 

















IR~ Reverse Current vA 











lp-Forward Current—mA 
lp —Forward Current—mA 





os ES Ss ie 
a ae a 

0.2 oF a | A . i: T i 

ore | | ty} jt 





0 02 04 0.6 08 1.0 1.2 
VR—-Reverse Voltage—V 


Ve—Forward Voitage—V Ve—Forward Voltage~V 
REVERSE CURRENT vs. TERMINAL CAPACITANCE vs. REVERSE RECOVERY TIME vs. 
REVERSE VOLTAGE 185232 REVERSE VOLTAGE 1$$231 FORWARD CURRENT 155231 

185232 










20 j | | 20; | i | 
| Vp=6 V | 
I ee! ems Ca Se 
RL= 100 Q | | | 
16] Ir=aliy | | | |. 
eres bien 











Ct-Terminal Capacitance pF 


IR—Reverse Current vA 
trr— Reverse Recovery Time—ns 








VR—- Reverse Voltage—V Ip ~Forward Current-mA 


Va—Reverse Voltage—V 


t., REVERSE RECOVERY TIME TEST CIRCUIT 
0.02 uF 


Pulse Generator O—- () to Sampling Scope 
ZOUT= 80 & ZiIN=50 & 













ANODE 
BIAS 
SUPPLY 





Test Conditions : IF=10 mA, Vp=6.0 V, RL=100 Q 
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SILICON SWITCHING DIODES 


1$$233,1SS234 










oa = 























DESCRIPTION The 183233 and 1$S234 are silicon epitaxial planar double i 
diodes designed for high speed switching applications. | PACKAGE DIMENSIONS 
. | in millimeters (inches) 
FEATURES © Low Capacitance. | (0165 MAK) (0086 NAK) | 
fs ® Fast Recovery Time. | i . ha 2 x 
@ Low Leakage. | tt )33 | 
® High Conductance. | & mS 
ABSOLUTE MAXIMUM RATINGS 23 
Maximum Temperatures | » = 
Junction Temperature Tj 150 °C | Sz | 
Storage Temperature Te -55to+150 °C | 
Maximum Power Dissipation (T,=25 °C) 
Power Dissipation P+* 250 mW | a 
Maximum Voltages and Currents (T,=25 °C) | 3 
1SS233 ~1SS234 | : 
Peak Reverse Voltage Vero 35 75 V 7 oe | 
Reverse Voltage VR 35 75 V | penldriag | 
Peak Forward Surge Current (1 us) IE (surge)” 6000 6000 mA | 
Peak Forward Surge Current (1 ps) lE (surge) 4 000 4000 mA 
Peak Forward Current lem 450 450 mA 
Peak Forward Current lem 300 300 mA = oo been ead 
Average Rectified Current Io” 200 200 mA 
Average Rectified Current lo 100 100 mA 
(Note) * Total Value 
ELECTRICAL CHARACTERISTICS (T,=25 °C) 
4.5233 -4gs73a.—i‘(‘é iéC™* : 
SYMBOL CHARACTERISTIC MIN. a ase. MIN. TYP. vr UNIT TEST CONDITIONS 
‘Ve Forward Voltage 0.67 : cy oa 0.67 10 V l-=10mA 
Ve Forward Voltage 0.75 1.1 0.75 1.1 V ip=50 mA 
Ve Forward Voltage 0.85 1.2 0.85 1.2 | V l-=100 mA | 
IR Reverse Current 0.1 uA VR=30 V | 
| IR Reverse Current 0.1 uA VR=50 V 
Ct Terminal Capacitance 1.1 4.0 1.1 4.0 pF VR=0, f=1.0 MHz 
trr Reverse Recovery Time 3.0 3.0 ns l-=10 mA, VR=6.0 V 


R,=100 2 








jm a AL 
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TYPICAL CHARACTERISTICS (T,=25 °C) 


FORWARD CURRENT vs. REVERSE CURRENT vs. REVERSE CURRENT vs. 
FORWARD VOLTAGE REVERSE VOLTAGE 











l—F—Forward Current—mA 
IR— Reverse Current— pA 
IR—Reverse Current—wA 


TH 





0 10 20 30 2~=—s 40 50 











“002 04 O06 O08 10 12 aes 
Vp— Reverse Voltage—V VR— Reverse Voltage—V 
Ve—Forward Voltage—V 
FORWARD CURRENT vs. TERMINAL CAPACITANCE vs. REVERSE RECOVERY TIME vs. 
FORWARD VOLTAGE REVERSE VOLTAGE 185233 FORWARD CURRENT 155233 
155234 185234 155234 
100 —S— 20 | 





aL LTT 
| 
10 








ttt} +++ + tH < 
Li = 7 ee 2 ee | 
=s rh SananEnee ~ wo 
20 | 5 Lt Ti b= 
= a 11 eal - 
B = i} TC > 
| s , Bani : 
© 5 = ||| ima : 
3 So a ‘ 
ai) a ae tt in 
g 2 2 Be 5 
= VA 0.5 4 2 
; | 
= 05 o 0.2 -_ 
0.2 0.1 , " hes 
0.5 20 50 100 0 20 40 60 80 100 
0.1] J. om | 
0 0.2 0.4 0.6 08 1.0 12 Vr- Reverse Voltage—V l-—Forward Current—mA 


Ve—Forward Voltage—V 


t, REVERSE RECOVERY TIME TEST CIRCUIT 


0.02 uF 
Pulse Generator to Sampling Scope 
ZOUT=50 2 ZIN=50 & 


3 ks 


ANODE 
BIAS 
SUPPLY 





Test Conditions : lF=10 mA, Vp=6.0 V,RL=100 @ 
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NEC a “SILICON SWITCHING DIODES 


ELECTRON DEVICE 1 S S 2 3 5 r 1 S S 2 < 6 







DESCRIPTION The 188235 and 1$$236 are silicon epitaxial planar double 


diodes designed for high speed switching applications. PACKAGE DIMENSIONS 


| 
in millimeters (inches) 





FEATURES @® Low Capacitance. (0.165 MAX.) (0.086 MAX.) ! 
2 @ Fast Recovery Time. — | | a 3 x | 

® Low Leakage. ~ == | 

® High Conductance. "5 | 


| 
4.2 MAX. 2.2 MAX. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


12.5 MIN. 
(0.493 MIN.) 


Junction Temperature Tj 150 a | 
Storage Temperature T stg —55 to +150 "C | 
Maximum Power Dissipation (Tag=25 °C) 





Power Dissipation P+* 250 mW 





\ 

| 

| 

W how ! 
1.27(0.05) 1.27(0.05) 
| 

| 


Maximum Voltages and Currents (T,=25 °C) 3" 
18S235 1SS236 | 

Peak Reverse Voltage VrRu 35 75 V | 3' 
Reverse Voltage Vr 35 75 V nea 
Peak Forward Surge Current (1 us) le (surge)” 6 000 6000 mA | ee 
Peak Forward Surge Current (1 us) — IF (surge) 4 000 4000 mA | ia | 
Peak Forward Current lem” 450 450 mA | 30—4— 
Peak Forward Current lem 300 300 mA | | _ | 
Average Rectified Current lo” 200 200 mA 
Average Rectified Current lo 100 100 mA 


(Note) * Total Value 


ELECTRICAL CHARACTERISTICS (T,=25 °C) 


a Rr re — ae 





ae 188235 18S236 | | 
| SYMBOL CHARACTERISTIC | UNIT TEST CONDITIONS 
| MIN. TYP. MAX. MIN, TYP. MAX, 






Forward Voltage le=10 mA 


Ve Forward Voltage 0.88 1.1 0.88 1.1 Vv Ir=50 mA 











VE Forward Voltage 1.0 1.2 1.0 12 V l—-=100 mA 

IR Reverse Current 0.1 uA VR=30 V 

IR Reverse Current 0.1 uA VR=50 V 

Ct Terminal Capacitance 2.5 4.0 2.5 3.5 pF VR=0, f=1.0 MHz 

try Reverse Recovery Time 4.0: 4.0 ns IF=10 mA, VR=6.0 V 
| Rpe=100 2 
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TYPICAL CHARACTERISTICS (T,=25 °C) 


FORWARD CURRENT vs. REVERSE CURRENT vs. FORWARD CURRENT vs. 
FORWARD VOLTAGE REVERSE VOLTAGE FORWARD VOLTAGE 


IF —Forward Current—mA 
IR— Reverse Current— aA 
lp—Forward Current—mA 





1k | 0 10 20 30 40 50 fh | Si 
0.2 04 06 0.8 1.0 1.2 0 02 o4 0.6 0.8 1.0 1.2 
Vr—- Reverse Voltage—V 
Ve—Forward Voltage—V Ve—Forward Voltage—V 
REVERSE CURRENT vs. TERMINAL CAPACITANCE vs. REVERSE RECOVERY TIME vs. 
REVERSE VOLTAGE REVERSE VOLTAGE 158235 FORWARD CURRENT 189235 


1$$236 1$$236 | 188236 


ee SSS SSS 20 20) 
Vp=6V 


_ a 
RL=100 & | | 7 


16 lrr 0.1 Ip | | | | 










a : 
l I sin 
< 8 e | 
| g FE | | 
E & eee - 
5 & 5 + | | 
—_ | H 
g 2 tt he a 
2 E 2 1 | | Lodak | 
es e > 7 <a | aa 
| | j | a | } | 
= oF , 4/4 ‘moe oo a eed . 
2 ARSE eee 
| |__— ! + = | 
ma 8 1s £2 10 20 50 100 0 20. +40. « «2460 ° #480 100 
= 20 30 sa 50 Vr—Reverse Voltage—V lf—Forward Current—mA 


Vr—Reverse Voltage—V 


t., REVERSE RECOVERY TIME TEST CIRCUIT 
0.02 «uF 
Pulse Generator | = 


fO) to Sampling Scope 
ZOUTH5O O ) 


ZiN=50 & 





ANODE 
BIAS 
SUPPLY 





Test Conditions : iF=10 mA, VR=6.0 V,RL=100 
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DESCRIPTION The 155237 is silicon epitaxial schottky barrier diode, 
especially designed for mixing, switching, log or A-D converting, 
frequency discriminating sampling and wave shaping. 


PACKAGE DIMENSIONS 


in millimeters finches) 






FEATURES @ Small size glass package. (DO-34 TYPE; L = 2.2 mm) to 
: @® High breakdown voltage: VR = 10 V MIN. at IR = 10 uA | a2 | 
7 @ Bach matched. | SS 
| A® 
ABSOLUTE MAXIMUM RATINGS _ £ 
Maximum Temperatures a 
Junction Temperature Tj +175 °C “| 
Storage Temperature T stg —65to+175 °C af 
Maximum Power Dissipation (Ta = 25 °C} = 
DC Power Dissipation Pq 250 mW 00 
Maximum Voltages and Currents (Ta = 25 C) S| 
Reverse Voltage VR 10 V 
Forward Current IF 30 mA 
Reverse Burnout” Bo 2.0 erg 


Note* : Capacitor charge method C (charge) = 25 pF ~ 


ELECTRICAL CHARACTERISTICS (T, = 25 C) 


SSS ee ee = 














UHF DETECTOR & MIXER DIODES 


15$$237,18SS237(1) 











i 


| 


eee | “488237 188237 (1 | 

| SYMBOL CHARACTERISTIC rsesed SS237 (1) UNIT TEST CONDITIONS 

i; MIN. TYP, MAX. . MIN. TYP. MAX, | 
ng Ae ante muses saeaee eee — = 

I Vp Reverse Voltage 10 10 V IR=10 pA 

| Ip Reverse Current 100 100 mA VR=5.0 V 

| Veq Forward Voltage 0.33 0.45 Vv IrF=1.0mA 

| Vea Forward Voltage 0.46 0.6 Vv l-F=10 mA 

| IF Forward Current 35 mA Ve=1.0 V 

| Cr Capacitance 0.8 1.0 0.8 1.0 pF VR=0, f=1.0 MHz 

| AVe2** Delta Forward Voltage 10 mV Ie=10 mA 

| AC,** Delta Capacitance | 0.2 pF VR=0, f=1.0 MHz 

| ie Pe f=855 MHz, f)p=45 MHz 

| ise Fi 12.5 
NF Noise Figure nicee7'd8 ig<OmA 





Note** : Difference of VF, Cy 
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18$237, 18S237(1) | INV] ELecTRON DEVICE 





TYPICAL CHARACTERISTICS (T,=25 °C) 


FORWARD CURRENT vs. REVERSE CURRENT vs. TERMINAL CAPACITANCE vs. 
FORWARD VOLTAGE REVERSE VOLTAGE REVERSE VOLTAGE 






Vp—Reverse Voltage—V 
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DESCRIPTION The 1SV34 silicon PIN diode, especially designed for VHF/UHF [ 
PACKAGE DIMENSIONS 


in millimeters (inches) 


band switching, attenuating. 
The RF resistance of a PIN diode is a function of the current flowing 
in the diode. The current controlled resistars are specified for use in. 


control applications such as ATT, AGC, and RF modulators. 








r 04 
FEATURES @ Low cost . (3 008) i 
@® Large dynamic range. “S| = 

Typical resistance swing 5 {2 to 10 k22. | 9] ~@ 

@ Low series resistance, ¢ 1.98 ee Hime 1 e— 

Rs=82 TYP.@I=10mA, f=100 MHz (POA > oF SS 

ite Anade—— ou | et 

@® Low capacitance. be escent 


Ct=0.5 pF MAX. @ VR=50 V, f=1 MHz 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures | Color Code (from cathode) 
























. a Red, Green 
Junction Temperature T; 1/5 Cc ; - 
Storage Temperature T stg —65 to+175 “C 
Solder Temperature (Note} 260: aC 
Maximum Power Dissipation (Ta=25 °C) 
Power Dissipation P+ 250 mW 
Maximum Voltages and Currents (Ta=25 °C) 
Peak Reverse Voltage VRu 110 V 
Reverse Voltage Vr 100 V 
Peak Forward Current (1 Us) lem 150 mA 
Forward Current le 50 mA 
Note : Less than 5 seconds, more than 1.5 mm off 
the lead connection. 
ELECTRICAL CHARACTERISTICS (Ta = 25 “C) 
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS 
VE Forward Voltage 1.1 V I-=50 mA 
IR Reverse Current 10 pA VrR=100 V 
Ct Capacitance 0.3 0.5 pF VR=50 V, f=1.0 MHz 
Rds Series Resistance 6.0 8.0 i 2 IF =10 mA, f=100 MHz 
Rdp Parallel Resistance 2.0 2.5 kM le=10 wA, f=100 MHz 
T Life Time 2.0 . Lis fF=10 mA 


JF =10 mA, 1R=16 mMA* 





Recovery Time 


*See measurement block diagram. 
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*MEASUREMENT BLOCK DIAGRAM 


Oscilloscope Wave form 
























Pulse Generator iF : Oscilloscope , 
. Clr Bilas 
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TYPICAL CHARACTERISTICS (Ta=25 C) 
FORWARD CURRENT vs. FORWARD VOLTAGE RF RESISTANCE vs. FREQUENCY 
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lf —Forward Current—A 
























































i- Frequency —MHz 





Ve—Forward Voltage—V 
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IR ~Reverse Current—nA 


REVERSE CURRENT vs. REVERSE VOLTAGE 





rd—RF Resistance —? 


Junction Capacitance — pF 


Cj 


Vp + ?g—Reverse Voltage—V 


Va—Reverse Voltage --V 


RF RESISTANCE vs. FORWARD CURRENT 
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DESCRIPTION 


FEATURES 


K 


ELECTRON DEVICE 








electronic tuning circuit applications for FM and VHF 
bands, and feature high Q, high capacitance ratio, and high 


reliability. 


The 1SV50 and 1SV50(1) are provided by four units as one 


shipping set. 


@ High Q: Excellent OQ values at FM and VHF bands. 


®@® High capacitance ratio. 
® 3% capacitance tolerance. 


® Low leakage current. 


Ig < 10 nA at Vp=28 V. 


ABSOUTE MAXIMUM RATINGS 


Maximum Temperatures 


Junction Temperature 


Storage Temperature 


Maximum Voltages (Ta=25 ~C) 


Peak Reverse Voltage 
Reverse Voltage 


ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL 
VR 
IRI 
IR2 
Cr3 
C195 
N 
Te 
AC 


NOTE : Diodes are available in matched sets of 20, 60, 120, 120 xn units. 


CHARACTERISTIC 

MIN. 
Reverse Voltage 30 
Reverse Current 
Reverse Current 
Capacitance 28.0. 
Capacitance 4.90: 
Capacitance Ratio 5.0 


Series Resistance 


Capacitance Tolerance 


1SV50 
TYP. 


SILICON VARACTOR 





DIODES 


1SV50,1SV50(1) 


The 1SV50 and 1SV50(1) are hyper-abrupt junction type 


voltage-variable capacitance diodes. These are designed for 


125 Cc 
—§5to+125 “C 
30 VW 
30 V 
1SV50(1) 
MAX. MIN. TYP. NIAX 
30 
10 10 
50 50 
32.5 29.0 34.0 
5.80 4.90 5.80 
6.5 5.5 7.5 
0.5 0.5 
3.0 


For two diodes of one set the following conditions are relevant : 
The variations AC in capacitance values at Vr=3, 10, 18 and 25 V are less than 3 % for 1SV50 and 1SV50(1). 


1000 


me Cmax.—Crmin, 


Cmin 





x 100 (%) 


3.0 


PACKAGE DIMENSIONS 


in millimeters (inches) 












0.25 MAX. 
(0.001 MAX.) 


Hh 


Cathode Mark | 


a 














UNIT TEST CONDITIONS 

V IR=1.0 pA 

nA VR=28 V, Ta=25 °C 

nA VR=28 V, Ta=70°C 

pF VR=3.0 V, f=1.0 MHz 

pF VR=25 V, f=1.0 MHz 

C13/Cr25 
Le) C,=29 pF, f=50 MHz 
% NOTE 








NEC isectron DEVICE 1S8V50,1SV50(1) 


TYPICAL CHARACTERISTICS (Ta =25 °C) 


o£ TERMINAL CAPACITANCE vs. 
FIGURE OF MERIT vs. FREQUENCY REVERSE VOLTAGE 










Soe fas Sa fa ee aes 
“80 =H He f=1.0 MHz 


Siti eetiimecrit 
Benritl 

a 
Han All 


=a SotN NN 


St =a tT 
ato 
er saiiiimsuil a “ 
: iia ANTE ETT 
it e 20 ' 
5 5 l | 
= = 
2 | = li CONC CC 
“"s SA Seer , oS Rt 
i ' . . \ 
& SN a : 
l FT 
o v 
o 
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10 590 30 40 7 IN 700 AMN I 1 000 0.1 02030406 10 20304060 10 20 30 40 60 100 
f—Frequency—MHz VR —Reverse Voltage —V 


TEMPERATURE COEFFICIENT vs. 
REVERSE VOLTAGE 


Temperature Coefficient—ppm/"C 





Va—Reverse Voltage—V 
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DESCRIPTION The 1SV50S is designed for AFC circuit applica- | 
tions in FM and VHF bands. PACKAGE DIMENSIONS 


in millimeters (inches) 


FEATURES @ High OQ: Excellent Q values at FM and VHF 
0.25 MAX. 
frequencies. (0.001 MAX ) 


@ High capacitance ratio. 
® 3 % capacitance tolerance. 
@ Low leakage current. 

Ip [10 nA at V—R =28 V 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 


Junction Temperature T; 125 i | 
Storage Temperature T stg ~55 to +125 "i a 9 75 (0.030) 
Maximum Voltages (Ta=25 °C) dicieeiiaiidias 
Peak Reverse Voltage VRoM | 30 V 
Reverse Voltage VR 30 Vv 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 





SYMBOL CHARACTERISTIC MIN. TTF, . TEST CONDITIONS 


VR Reverse Voltage 30 IR=1.0 uA 
IR4 Reverse Current VR=28 V, Ta=25 °C 
Ina Reverse Current VR =28 V, Ta=70 “C 


-_— es ee SSS] Q>_=— —1-——s 





Cy3 Capacitance f=1.0 MHz, VR =3.0 V 
Capacitance f=1.0 MHz, VR =6.0 V 


Capacitance Ratio : a Cra / Cig 
Series Resistance : ) C=30 pF, f =50 MHz 
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TYPICAL CHARACTERISTICS (Ta=25 °C) 


TERMINAL CAPACITANCE vs. 















REVERSE VOLTAGE FIGURE OF MERIT vs. FREQUENCY 
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DESCRIPTION 


SILICON PIN DIODE 


The 1SV80 silicon PIN diode, especially designed for VH F/UHF 
band switching attenuating. The RF resistance of a PIN diode is a 


function of the current flowing in the diode. The current 


controlled resistors are specified for use in control applications 


such as ATT, AGC, RF modulators. 


® Low cost. 


Large dynamic range. 


Low series resistance. 


R,=10 2 TYP. @le=10 mA, f=100 MHz 


® Low capacitance 


C,=0.5 pF MAX. @VR=15V, f=1 MHz 


ABSOLUTE MAXIMUM RATINGS 


Maximum Temperatures 
Junction Temperature 
Storage Temperature 


Solder Temperature (Note) 


Maximum Power Dissipation (Ta=25 °C) 


Power Dissipation 


Maximum Voltage and Currents (Ta=25 °C) 


Reverse Voltage 


Peak Forward Current (1 us) 


Forward Current 


Tj 175 

Teg —65to +175 
260 

P+ 250) 

VR 30 

lem 150) 

lf 50 


Note : Less than 5 seconds, more than 1.5 mm off the lead connection. 


ELECTRICAL CHARACTERISTICS (Ta = 25 “C) 


CHARACTERISTIC 


Forward Voltage 
Reverse Voltage 
Capacitance 
Series Resistance 
Parallel Resistance 
Life Time 


Recovery Time 


TYP. MAX. 


SE 


0.95 1.1 


0.3 0.5 
10 4 
3.0 
2.0 
1.0 


mA 
mA 


UNIT 


— 


V 
V 
pF 
2 
ki 
MS 
Lis 





1SV80O 











PACKAGE DIMENSIONS 


in millimeters (inches} 


Cathode — 


| | 
| 

25 MIN | 
oo 


—~ 

oS 

co 

is) 

| 
45 MAX, : 





¢ 1.98 MAX, —=+ 


(¢ 0.08 MAX.) => 
Anode— 


25 MIN, 


2 
(0.98 MIN) (0.18 MAX) (0.98 MIN) 


Z 


Color Code (from cathode) 
Red, Green 


a 








TEST CONDITIONS 


EEE 


IR=10 uA 
Vp=15 V, f=1.0 MHz 


l-=10 mA, f=100 MHz 
l-=10 wA, f=100 MHz 
l-F=10 mA 

l-=10 mA, IR=G MA 
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TYPICAL CHARACTERISTICS (Ta=25 °C) 


RF RESISTANCE vs. FREQUENCY 


FORWARD CURRENT vs. 
FORWARD VOLTAGE 
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DESCRIPTION The 1SV88 is a hyper-abrupt junction type voltage capacitance 
diode. 


1SV88 is designed for electronic tuning circuit application in 


PACKAGE DIMENSIONS 


in millimeters (inches) 


0.25 MAX, 
(0.601 MAX} 


CATV tuner, and features high capacitance ratio and high 


reliability. 


i 
t 


FEATURES @ High capacitance ratio. N: 11 at C3/Cas5 (TYP.) 


® 3 % capacitance tolerance. 
Storage Temperature............. -§5 ta+125°C | | | 


@ Low leakage current. IR=10 pAatVR=28V 





ABSOLUTE MAXIMUM RATINGS | 





| 
442 IM 


Maximum Temperatures 
Junction Temperature ............000005 125°C | Si) Seg er 

| | 

ey 25 (0.098) 

Maximum Voltages (Ta=25 ~C) 7 : | 
Vruw Peak Reverse Voltage . _ | 

Vr Reverse Voltage .............4. fa | Se el 





ELECTRICAL CHARACTERISTICS (Ta=25 “C) 


CHARACTERISTIC MIN. 





SYMBOL 





VARACTOR DIODE 


Cathode Mar& 








Reverse Voltage —_ 30 

Reverse Current 10 nA VR=28 V, Ta=25°C 
Reverse Current 50 nA VR=28 V, Ta=70°C 
Capacitance 26 29 32.0 pF VrR=3.0 V, f=1.0 MHz 
Capacitance 2.6 2.8 3.0 pF VR=25 V, f=1.0 MHz 
Capacitance Ratio 8.5 11.0 12.5 Cr3/Cr25 

Series Resistance 0.9 2 C=9.0 pF, f=50 MHz 


NOTE : Diodes are available in matched sets of 24, 60, 120, 120 x n units. 
For two diodes of one set the following conditions are relevant : 
The variations AC in capacitance values at VR@=3, 10, 18 and 25 V are less than 3 % for 1SV88. 


Cmax. — Cmin. 
x 100 (%) 





AC= 








Cmin. 


1006. 














| ea sean enn eee esas nena eee SS 


1SV88 


NEC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


TERMINAL CAPACITANCE vs. 
REVERSE VOLTAGE 
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DESCRIPTION The 1SV156 silicon PIN diode, especially designed for VHF/ 
UHF band switching, attenuating. 
The RF resistance of a PIN diode is a function of the current 


_—___.__. a a ee ee 


PACKAGE DIMENSIONS 
in millimeters (inches) 
flowing in the diode. The current controlled resistors are 


San me SS eee 


specified for use in control applications such as ATT, AGC, RF 











pes modulations. | 
FEATURES @ Low cost. > 3| . | - | 
® Large dynamic range. = = S| iL | 
@ Low series resistance. ea, © 
R, = 10 2 TYP. @lg = 10 mA, f = 100 MHz | | 
@ Low capacitance. a | 
Cy=O4pF @VR=20V,f=1MHz = : | 
ABSOLUTE MAXIMUM RATINGS Fa ‘\Cathode Mark 
Maximum Temperatures | | r Z | | 
Junction Temperature Tj +175 a | a | 
Maximum Power Dissipation (Tz = 25 C) | | 
DC Power Dissipation Pq 250- mW | | 
Maximum Voltages and Currents (T, = 25 C) | | 
Reverse Voltage VR 30 V : 
Forward Current IF 50 mA 
Peak Forward Current IE 150 mA 


Note : Less than 5 seconds, more than 1.5 mm off the lead connection. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) Te 
a TEST CONDITIONS 


| SYMBOL ——CM CHARACTERISTIC MIN. TYP. MAX. UNIT 











VE Forward Voltage 0.95 VsIg=50. mA 
VR Reverse Voltage 30 V IR=10 wA 
Cr Capacitance 0.4 pF VR=20 V, f=1.0 MHz 
: Ids Series Resistance 6.0 10 15 n l-=10 mA, f=100 MHz 
"dp Parallel Resistance 1.0 4000 6.0 i IF=10 BA, f=100 MHz ‘ 
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TYPICAL CHARACTERISTICS (T,=25 °C) 


Rb RF Resistance — <2 


RF RESISTANCE vs. FORWARD CURRENT 
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DESCRIPTION The 1SV157 silicon PIN diode, especially designed for VHF / 
| UHF band switching, attenuating. 
The RF resistance of a PIN diode is a function of the current 
flowing in the diode. The current controiled resistors are 
specified for use in control applications such as ATT, AGC, RF 
‘ modulators. 
FEATURES ® Large dynamic range. 


® Low series resistance, 
Re = 5.0 2. TYP. @ If = 10 mA, f = 100 MHz 
@ Low capacitance, 


Ct = 0.8 pF @ Vr =20V,f=1MHz 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures | 
+175 


Junction Temperature Tj cae 

otorage Temperature Tstg —-65to+175 °C 

Solder Temperature ‘Note} 260 a 
Maximum Power Dissipation (Tg = 25 C) 

DC Power Dissipation Pq 250) mW 
Maximum Voltages and Currents (Tg = 25 °C) 

Reverse Voltage VR 50 V 

Forward Current IF 50 mA 

Peak Forward Current IFM 150 mA 


Note : Less than 5seconds, more than1.9 mm off the lead connection, 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





PIN DIODE 


1SV157 














ia —_ | 
PACKAGE DiMENSIONS 
in millimeters (inches) 
st lall o 
ag Ol 
Zs\sls i] & 
22| eT + 
™ S| Si | 
rm | 
cw | 


_ 25 MIN 
(0.98 MIN.) | 

| | 

| | 
— 





SYMBOL CHARACTERISTIC ‘MIN. TYP. _MAX. UNIT ~——sTEST CONDITIONS —_ | 
[ VE Forward Voltage (tti(<‘ésOéOS™S™SCSCSSSCO*~*~*” ———i ie 
VR Reverse Voltage 50) V IR=10 vA 
Cy Capacitance 0.8 pF VrR=20 V, f=1.0 MHz 

Ids Series Resistance 3.0 5.0 7.0 Q Il-=10 mA, f=100 MH2 
|___ tdp Parallel Resistance 1.0 3.0 5.0 kQ IF=10 HA, F100 MHz 


ie a re ra 
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TYPICAL CHARACTERISTICS (Ta=25 °C) 
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TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 
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VARACTOR DIODE 


1SV175 













ELECTRON DEVICE 





DESCRIPTION The 1SV175 is a hyper-abrupt junction type voltage- 









variable capacitance diode. | PACKAGE DIMENSIONS 
It is designed for electronic tuning circuit application in in millimeters (inches) 
UHF and VHF. 

= 0.25 MAX.(0.01 MAX.) 


FEATURES ~ . @ Lowseries resistarice, 0.25 92 TYP. cae 
 e@ High capacitance ratio. | | <8 

@ Low leakage current. 

® High reliability. 


Cathode Mark 






ABSOLUTE MAXIMUM RATINGS 3 
Maximum Temperatures 3 
Storage Temperature .......... —55 to +125 °C 5 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation .............. 250 mW 


0.75 (0.029) | 
-1.2 MAX. 






Maximum Voltages (Ta = 25 °C) 
Peak Reverse Voltage Vpn (NOTE1) 35 V 
DC Reverse Voltage Vp 30 V 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 












SYMBOL CHARACTERISTIC TEST CONDITIONS 
IR1 Reverse Current ; 10 nA VR =30V 7 
IR? Reverse Current 50 n& VR =30V,T,= 70°C 
VR Reverse Voltage 30 V IR=1.0uA 
Cr2 Capacitance 14.00 16.35 pF VR = 2.0 V, f= 1.0 MHz 
C125, Capacitance 2.10 2.45 pF Vr =25V, f =1.0 MHz 
N Capacitance Ratio 6.00 8.00 Cr9/Cr 95 
Is Series Resistance 0.25 0.5 2 f = 1.0 MHz, Cy = 9 pF 












Capacitance Tolerance NOTE 2 
NOTE 1: When it is used with 10 kK& series resistance. 


NOTE 2: Diodes are available in matched sets of 24, GO, 120, 120 x n units. 
For two diodes of one set, the following conditions are relevant: 
The variations 4 C in capacitance values at Vp = 2, 10, 18 and 25 V are jess than 3 % for 18V175 


C — C.; 
Ae < Ss: ss 400 16) 
Cmin. 


1012 





NEC usemonomes 1SV175 


5 —_ = 
era a ae) 


TYPICAL CHARACTERISTICS (Ta = 25 °C) 


c-V CHARA STERISTN? 





C;—Capacitance—pF 


w £m so985 


ho 





| | 
2. ©6 2~—S—«i 34 «5 78910 1520 30 40 
Vp—Reverse Voltage —V 
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DESCRIPTION The 1SV176 is a hyper-abrupt junction type voltage- 
variable capacitance diode. 
It is designed for electronic tuning Circuit applications in 
VHF and UHF bands and features high QO, high capacitance 
ratio and high reliability. 

FEATURES ® High Q. ' 
® High capacitance ratio. 
® Low leakage current. 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperatures 


Storage Temperature.......... —55 to +125 °C 
Maximum Power Dissipation (Ta = 25 °C) 
Total Power Dissipation .............5. 250 mW 


Maximum Voltages (T, = 25 °C) 
Peak Reverse Voltage Vpn (NOTE) 35 V 
DC Reverse Voltage VR 30.=CUV 


NOTE: Vpry is the case that Diode has series protected resistance 
that is more than 10 kf. 


ELECTRICAL CHARACTERISTICS (Tz = 25 C). 









SYMBOL CHARACTERISTIC 













VR Reverse Voltage. 30 

Cia Capacitance 13.65 17.00 
Crio Capacitance 4.95 6.3 
N Capacitance Ratio 2.5 3.5 






Series Resistance . 0.6 
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Cathode Mark 





VARACTOR DIODE 


1SV176 





PACKAGE DIMENSIONS 


in millimeters (inches) 


< 
2 
o 
2 
o 
= 
© 
= 





TEST CONDITIONS 
VR = 2.0 V, f = 1.0 MHz 
VR =10V, f= 1.0 MHz 


Cr2/Cri0 
C; = 9.0 pF, f = 50 MHz 
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TYPICAL CHARACTERISTICS (Tz = 25 °C) 
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Ct— Capacitance — pF 
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RACTERISTICS 
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VARACTOR DIODE 


1SV183 
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ELECTRON DEVICE 











DESCRIPTION  1SV183 is a hyper-abrupt junction type variable i- 
CRIPT yper-abrupt junction type variable capaci PACKAGE DIMENSIONS 
tance diode which is designed for variable frequency oscil- | in millimeters (inches) 


lator and tunable filter applications in UHF band. 


FEATURES *-~ e@ High quality value. 
@ High capacitance ratio. ¢ 0.4 


z 
= 
o 
uw 
N 


ABSOLUTE MAXIMUM RATINGS 
Reverse Voltage Ver 28 V 
Storage Temperature Tstg —b5to+125 °C 





@ 1.9 MAX. 
(0.075) 





= 
= 
° 
uy 
os 





JEDEC : DO—35 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 









SYMBOL CHARACTERISTIC TEST CONDITIONS 
VR Reverse Voltage 28 V IR =10uA 
















Cy9 Capacitance 3.2 4.0 pF VR=2V,f=1MHz 
C10 Capacitance 0.75 1.9 pF VR =10V,f=1 MHz 
C+90 Capacitance 0.58 0.73 pF V_a=20V,f=1 MHz 
N Capacitance Ratio 4.3 6.9 Cra/Cr20 






i — Chir 
Cc Capacitance Tolerance 15 % —max.__"MIn. ¥ 100 





Cmin. 
C, = 4 pF, f = 50 MHz 





Quality Value 
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TYPICAL CHARACTERISTICS (Tg = 25 °C) 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 
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ELECTRON DEVICE 





DESCRIPTION 1SV184 is a hyper-abrupt junction type variable capaci- 
tance diode which is designed forwariable frequency oscil- 
lator and tunable filter applications in VHF band. 

FEATURES ® High capacitanee ratio. 


@ Small package. 


ABSOLUTE MAXIMUM RATINGS 
Reverse Voltage 15 


—55 to +125 


V 


Storage Temperature Tstg al & 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





CHARACTERISTIC 





SYMBOL 














Vr Reverse Vo itage V 
Cro Capacitance 40 45 50 pF 
Crs Capacitance 7 9 11 pF 
Cri90 Capacitance 4 6 pF 
N Capacitance Ratio 6.5 


Quality Value 
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UNIT 


VARACTOR DIODE 


1SV184 





ee 


PACKAGE DIMENSIONS 


in millimeters (inches) 





— 








Anode [ 


z 
= 
o 
uy 
Ow 


¢ 1.9 MAX. 
(0.075) 


25.0 MIN. 





JEDEC : DO-—35 








TEST CONDITIONS 
IR =10uA a 

VR =2V,f=1MHz 
VR =5V.f=1MHz 
VR =10V,f=1MHz 





Cr2/Cryi0 
Cy = 10 pF, f = 50 MHz 
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TYPICAL CHARACTERISTICS (Ta = 25 °C) 


TERMINAL CAPACITANCE vs. 
REVERSE VOLTAGE 





ore 





Ct--Terminal Capacitance — pF 





VR —Reverse Voltage—V 
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ELECTRON DEVICE 


DESCRIPTION 


The 1SV190 is a hyper-abrupt junction type voltage capa- 
citance diode. 

1SV190 is designed for electronic tuning circuit application 
in CATV tuner, and features high capacitance ratio and 
high reliability. 


@ High capacitance ratio. N : 8.5 at C3/Co5 (TYP.) 
@ 3 % capacitance.tolerance. 
@ Law leakage current. Ip = 10nAat Vp = 28V 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 
Maximum Temperature 


Storage Temperature.......... —55 to +125 °C 
Maximum Power Dissipation (Tz = 25 °C) 

Total Power Dissipation. ............. 250 mW 
Maximum Voltages (Tg = 25 °C) 

Peak Reverse Voltage Vpn 30 V 

DC Reverse Voltage Vr 30 V 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





SYMBOL CHARACTERISTIC MIN. 








IR4q Reverse Current 

IR? Reverse Current 50 

VR Reverse Voltage 30 

C3 Capacitance 31 33 35 

Cr95 Capacitance ore 4.0 4.28 

N Capacitance Ratio 7.8 3.5 9.5 

I's Series Resistance 0.4 0.8 
Capacitance Tolerance 3.0 

NOTE: Diodes are available in matched sets of 24,60, 120, 120 x n units. 


For two diodes of one set the following conditions are relevant: 


pF 







VARACTOR DIODE 


1SV190 





PACKAGE DIMENSIONS 


in millimeters (inches) | 





—qf7- 0.25 MAX.(0.01 MAX.) 


Cathode Mark 








a 


Cathode Mark 


TEST CONDITIONS 





VR =28V 

VR = 28V,T,= 80°C 
Ip = 1.0 nA 

VR =3.0 V, f = 1.0 MHz 
VR =25V, f=1.0MHz 
Cr3/Cr25 

f = 1.0 MHz, Cy = 9 pF 
NOTE 


The variations AC in capacitance values at VR = 3, 10, 18 and 25 V are less than 3 % for 1SV190 


Cmax. — min. . 499 (9) 
Cmin. | 


AC =. 
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1SV190 
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TYPICAL CHARACTERISTICS (T, = 25 °C) 


C-V CHARACTERISTICS 


30 40 





20 


15 
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Vr—Reverse Voltage—V 
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VARACTOR DIODE 


1SV208 











DESCRIPTION The 1SV208 is a hyper-abrupt junction type voltage capaci- 
tance diode. 
It is designed for electronic tuning Circuit application in 
CATV tuner, and featureshigh capacitance ratio and high 
reliability. 





PACKAGE DIMENSIONS 


in millimeters (inches) 








—~-0.25 MAX.(0.01 MAX.) 





FEATURES @ High capacitance ratio. N : 11.0 at Co/Ca5 (TYP.) 
® 3 % capacitance tolerance. 
e Low leakage current. Ip = 10nAat V~p =30V 


Cathode Mark 








ABSOLUTE MAXIMUM RATINGS 3 | 
Maximum Temperature 2 i | 
Storage Temperature.......... —55 to +125 °C 5 
Maximum Power Dissipation (Tz = 25 “C) 
Total Power Dissipation. ............+- 250 mW 0.75 (0.029) 






Maximum Voltages (T, = 25 °C) 
Peak Reverse Voltage Vpn (NOTE) 35 V 
DC Reverse Voltage Vr 30 V 


NOTE: Vay Is the case that Diode has series protected resistance 
that is more than 10 kf. 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 





TEST CONDITIONS 


SYMBOL CHARACTERISTIC 
Reverse Current 
Reverse Current s VR =30V, Tg = 70°C 
Reverse Voltage Ip = 1.0 pA 
Capacitance i VR = 2.0 V, f = 1.0 MHz 
Capacitance | VR = 25 V, f = 1.0 MHz 
Capacitance Ratio Cra/Cr25 
Series Resistance 0. 3B f = 1.0 MHz, C; =9 pF 


Capacitance Tolerance NOTE 





NOTE: Diodes are available in matched sets of 24,60, 120, 120 x n units. 
For two diodes of one set the following conditions are relevant: 
The variations 4C in capacitance values at Vp = 2,10, 18 and 25 V are less than 3 % for 1SV208 


Gees = Ged — 
AC = —mak._ Mn. =>. 100 (%) 


Cinin. 
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TYPICAL CHARACTERISTICS (Tg = 25 “C) 


C-V CHARACTERISTICS 


Ct — Capacitance — pF 





1 2 3 45 7 10 15 20 30 40 
VR— Reverse Voltage—V 
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SZA5A~1SZ47A, 18246, 18247, 
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DESCRIPTION The 15245A~ 1$247A, 15246 and 1SZ247 are DHD (Double 
Heatsink Diode) construction high stability reference diodes. | PACKAGE DIMENSIONS 


in millimeters (inches] 
FEATURES ® DHD (Double Heatsink Diode} Construction 
® High Stability and High Reliability 
@ Low zener current (lz = 1 mA) 
® DO-35 Glass sealed package 


= 
| = 
oO 
oO. 
= 


APLLICATIONS ~— Circuits for, Constnat Voltage, Constant Current 


MAXIMUM RATINGS 


Maximum Temperature 


4.2 MAX 
(0.18 MAX.) 


Junction Temperature Tj 175 °C @ 2.0 MAX. | 
; ° (6 0.08 MAX a 

Storage Temperature T stg —65to+175 ~C 

Maximum Power Dissipation 


Power Dissipation P 250 mW 


(0.98 MIN.) 





Color Code 
Black | Red 
1SZ45A | 1SZ46A| 1SZ47A 


| | 
rf 


i! 
| 
| 








= — |18247 |18Z48 


ELECTRICAL CHARACTERISTICS (T, = 25 +2 °C) 





Zener Voltage Zener Impedance Zener Voltage Temperature Coefficient | 






















—_ Z, (2) Zener Curent | v2 (%/°C) | balay Range 
| MAX. | lz tmA) | MAX. | ‘ 
oo | +0.01 | 
| ee seciecereaeaaeeadennniareeniaa 
| | +0.005 | —40~100 
j | i — — == — - — 
| 100 1 | +0.002 | 
| k ——9 ———————— i a a ———=— 2 tT 
| 18247 | | £0.002 | —10~60 
1SZ48 | | | ) 
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NEC ELECTRON DEVICE 


POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


P — Power Dissipation — mW 


Ta — Ambient Temperature — °C. 


DYNAMIC IMPEDANCE vs. 
ZENER CURRENT 
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iz — Zener Current — mA 





1SZ45A~1SZ47A,1SZ46,1SZ47,1SZ48 





ZENER VOLTAGE TEMPERATURE 


COEFFICIENT vs. ZENER VOLTAGE ZENER VOLTAGE TEMPERATURE 


COEFF ICIENT vs. ZENER CURRENT 
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vz — Zener Voltage -- V iz — Zener Current —mA 


CHANGE OF ZENER VOLTAGE vs. 
ZENER CURRENT 


fte-2sec | | fb | 
baal 


Typ. 





© 


AV; — Change in Zener voltage — mV 


iz — Zener Current — mA 
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1SZ5 


DESCRIPTION The 18250~1S253 are DHD (Double Heatsink Diode) con- 
struction high stability reference diodes. 
FEATURES ® DHD (Double Heatsink Diode} Construction 
® High Stability and High Reliability 
> @ DO-35 Glass sealed package 
APPLICATIONS — Circuits for, Constant Voltage, Constant Current 


MAXIMUM RATINGS 
Maximum Temperature 


Junction Temperature Tj 175 gs & 

Storage Temperature Tstg —65 to +157 = 
Maximum Power Dissipation 

Power Dissipation P 250 mW 


- 


ELECTRICAL CHARACTERISTICS (Ta = 25 +2 °C) 


















18253 
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REFERENCE DIODES 


ae ae | sa il Fanar Current Zener Voltage heal Coefficient | Temperature Range 
Zo (2 ¥z \%/C) | 
2 z z P 
Type | ! lz (mA) area Tg (Cc) 
MIN, MAX, MAX, MAX. eS | 
1SZ50 i 
18251 : | | +0.005 
59 | 6.5 | 15 7.5 
18252 | | +0.002 


+0.001 


O~1S82Z253 





PACKAGE DIMENSIONS 


in millimeters (inches) 









(0.98 MIN.) 






Cathode 
indication 


(0,18 MAX.) 





| 
2.0 MAX, —+| 
| (6 0.08 MAX.) 


| 
r 
: 





(0.98 MIN.) 



















P — Power Dissipation — mW 


2,7 — Dynamic Impedance ~ 1 


NEC ELECTRON DEVICE 


POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


1590 
Tg — Ambient Temperature —°C 





DYNAMIC IMPEDANCE vs. 


ZENER CURRENT 


Se ee ee ee ee ee 


0305 1 


iz — Zener Current —mA 





ZENER VOLTAGE TEMPERATURE 
COEFFICIENT vs. ZENER VOLTAGE 







0.010 [a ee 
0,008 f! a~-25~ +75 cL : —F 
Typ. 


0,004 
0.002 -— 


—0,0062) 
5; =—0,004| 


e Temperature Coefficient —- %/°C 


ag 


Nl 5.8 6.0 6.2 6.4 6.6 
" vs — Zener Voltage — V 
= 


CHANGE OF ZENER VOLTAGE vs. 
ZENER CURRENT 


AV, — Change in Zener v Voltage = mi 





iz — Zener Current —mA 


¥e _— 


Zener Voltage Temperature Coefficient — %/C 


1SZ50~TSZ53 


ZENER VOLTAGE TEMPERATURE 
COEFFICIENT vs. ZENER CURRENT 
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UHF MODULATOR DIODE QUAD 


ND487C1-3R 


















DESCRIPTION The ND487C1-3R is schottky barrier diode quad inter- [ ae 
connected in cross configuration, especially designed for PACKAGE DIMENSIONS 
use in double balanced mixers, phase detectors, AM mod- | ESRI aEee eet | 
ulators, and pulse modulators. | oo 
. | 2 of | 
? | S 32 | 
seat = 
FEATURES @ Monolithic array — = i | 
® Diode cross configulation aoe 22 See 
® Wideband operation ae 
®@ Small size package (disk mold) "6 
® Low cost _ 
| qe | 
ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) ‘. 
Maximum Temperatures O 
storage Temperature ............... —65 to +150 "¢ SON MGURSTIGE | 
Junction Temperature ..........-..4.. 150 °C Maximum a | | 
Maximum Power Dissipation (Ta=25 °C) | Wo NN | ge 
DC Power Dissipation ............. 75 mW/Junction : 
soldering Temperature ........-....... 230 °C for 10s M 3) 
_ 
ELECTRICAL CHARACTERISTICS (Ta=25 °C] 
SYMBOL CHARACTERISTIC MIN, TYP. MAX, UNIT TEST CONDITIONS 
VFI Forward Voltage 0.7 - V l-F =50 mA 
VE2 Forward Voltage 0.2 0.3 V l-F =1.0 mA 
AVeg(NOTE 1) Deita Forward Voltage 0.02 V icp =1.0 mA 
C, (NOTE 2) Terminal Capacitance 0.9 1.2 pF Vp =0, f=1.0 MHz 
AC, (NOTE }) Delta Terminal Capacitance 


NOTE 1: Difference Ve, Cy 


2: Measurement terminal () — @, @ —- @ 
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0.2 


pF VR =0, f=1.0 MHz 


NE ELECTRON DEVICE N D487 C1 -3R 


Mmm mmm mm — a nF SSSSSSSSSSSSSSSSSS === ES =a ggg SSS SSS 
= 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. 
FORWARD VOLTAGE CONVERSION LOSS vs. LOCAL POWER 


14 : at 
| | | | fp=400 MHz, PRe=—20 dBm 
| | f,=430 MHz fip=30 MHz 
12 —+— . : ———— 


Leo-—-Conversion Loss—dB 


lp -~Forward Current—mA 





Pi —Local Power —dBm 





Ve—Forward Voltage—V 
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ND487C2-3R 
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DESCRIPTION The ND487C2-3R is schottky barrier diode quad inter- | 
connected in cross configuration, especially designed for PACKAGE DIMENSIONS 
~ in millimeters (inches) 
use in double balanced mixers, phase detectors, AM mod- piles 


ulators, and pulse modulators. 





= 
= 
oc Tel 
= = of | 
S So 
3 = 4 4~ | 


FEATURES ® Monolithic array 






a gs . “4.0 MIN. = 10,0 MIN. 
®@ Diode cross configuration jeraae Mane Z (0.994 MIN.) 
® Wideband operation r 
rr} J - BS Hee "al a } a 
small size package (disk mold) 8 Peg rare 
S MARKING = _ 
@ Low cost Py Ss ——_ 2 
~ = se 
Kes! S 
= 
~ oO 
wo 
ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) = = @4.0MAX, 
_ (¢0.157 MAX.) 
Maximum Temperatures | ° 
Storage Ternperature ..............-. —65 to +150 °C 
g p : ‘ 0 CONFIGURATION 
Junction Temperature .............. 150 “C Maximum 


Maximum Power Dissipation (Ta =25 °C) 
DC Power Dissipation ...........0.000- 75 mW/Junction 
Soldering Temperature ................ 230°C for 10s 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 








SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS 
VF4 Forward Voltage 1.0 V I-F =50 mA 
VF2 Forward Voltage 0.4 0.5 V ip =1.0 mA 
AVeQ(NOTE 1) Delta Forward Voltage 0.02 V l-F=1.0 mA 
Cy (NOTE 2) Terminal Capacitance 09 1.2 pF VR =0, f=1.0 MHz 
AC, (NOTE 1) Delta Terminal Capacitance Vr =0, f =1.0 MHz 





NOTE 1: Difference of Vr, Cy 
2: Measurement terminal @) — @, @ — @ 


a 
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NEC ELECTRON DEVICE ND487C2-3R 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. 
FORWARD VOLTAGE CONVERSION LOSS vs. LOCAL POWER 


fp=400 MHz PR=—20 dBm 
f,=430 MHz fp =30 MHz 


Le—Conversion Loss—dB 


lp —Forward Current—mA 





Pi —Locail Power —dBm 





Ve —Forward Voltage—V 





1031 





NEC 


ELECTRON DEVICE 








DESCRIPTION The ND487R1-3R is schottky barrier diode quad inter- 
connected in ring configuration, especially designed for 
use in double balanced mixers, phase detectors, AM mod- 
ulators, and pulse modulators, 

FEATURES @ Monolithic array 


@ Diode ring configuration 
® Wideband operation 
@ Small size package (disk mold] 


® Low cost 


ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) 


Maximum Temperatures 


Storage Temperature .............-. —65 to + 150 °C 
Junction Temperature .............. 150 °C Maximum 
Maximum Power Dissipation (Ta=25 °C) 
DC Power Dissipation ............... 75 mW/Junction 
Soldering Temperature ................ 230 °C for 10 s 
ELECTRICAL CHARACTERISTICS (Ta=25 °C) 
SYMBOL | CHARACTERISTIC MIN. TYP. 
VEq Forward Voltage 
VE Forward Voltage 0.2 
AVFQ(NOTE 1) Delta Forward Voltage 
C, (NOTE 2) Terminal Capacitance 0.9 


AC, (NOTE 1) Delta Terminal Capacitance: 


NOTE 1: Difference of Ve, Cy 
2: Measurement terminal 


Q-@, @-@ 
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UHF MODULATOR DIODE QUAD 


ND487R1-3R 


MAX. 










PACKAGE DIMENSIONS 


in millimeters (inches) 





4.0 MIN. 
(0.158 MIN.) 













10.0 MIN. 
(0.394 MIN) 


“4.0 MIN. 
(0.158 MIN.) 








5 0.65 (0.026) © 
J MARKING 





2.5 MAX. 


(0.098 MAX) 
ae 


0.7 (0.028) bee! 





o4.0 MAX, 
(90.157 MAX.) 







CONFIGURATION 





TEST CONDITIONS 


UNIT 
07 £42 Ie=50mA 
0.3 V I-F=1.0 mA 
0.02 V l-F=1.0 mA 
1.2 pF VR =0, f=1.0 MHz 
0.2 pF Vr =0, f=1.0 MHz 





NEC trectron vevice ND487R1-3R 


ee 


TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT vs. 
FORWARD VOLTAGE CONVERSION LOSS vs. LOCAL POWER 


fp=400 MHz, PRe=—20 dBm 
f,=430 MHz fjp=30 MHz 


Lo—Conversion Loss—dB 


if —Forward Current—mA 





P, -Local Power —dBm 





0 02 04 0.6 08 1.0 12 


Ve —Forward Voltage —V 
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UHF MODULATOR DIODE QUAD 


ND487R2-3R 


NEC 


ELECTRON DEVICE 














DESCRIPTION The ND487R2-3R is schottky barrier diode quad inter- 
connected in ring configuration, especially designed for PACKAGE DIMENSIONS 


in millimeters (inches) 





use in double balanced mixers, phase detectors, AM mod- 


ulators, and pulse modulators, 


(0.158 MIN} 






FEATURES ® Monolithic array dl 





®@ Diode ring configuration 10.0 MIN. 





] zz (0.394 MIN.) 
@ Wideband operation al|| fo 
. me | Te 
®@ Small size package (disk mold) @ 2 
® Low cost ee 
x 3. 
cel : 
“. o — 
aden: oO 
= cM 
ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) S ¢4.0MAX. 
a (@0.157 MAX) 
Maximum Temperatures a 
Storage Temperature ...........-6... -65 to +150 “C | 
i" CONFIGURATION 
Junction Temperature .............. 150 “C Maximum 


Maximum Power Dissipation (Ta =25 °C) 
DC Power Dissipation ...........-. 75 mW/Junction 
Soldering Temperature ...............-. 230 °C for 10 s 





ELECTRICAL CHARACTERISTICS (Ta=25 °C) 


SYMBOL CHARACTERISTIC 






VF4 Forward Voltage 1.0 Vv le =50 mA 


VF2 Forward Voltage 0.4 0.5 V le =1.0 mA 
AVegINOTE Delta Forward Voltage 0.02 V IF =1.0 mA 
Cc, (NOTE 2) Terminal Capacitance 0.9 1.2 pF Vr =0, f =1.0 MHz 


AC, (NOTE 1) Delta Terminal Capacitance 0.2 pF Vr =0, f =1.0 MHz 


NOTE 1: Difference of Vr, Cy 
2: Measurement terminal @) — @, @ —- @ 
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NEC ttecrron oevice ND487R2-3R 





TYPICAL CHARACTERISTICS (Ta=25 °C) 


FORWARD CURRENT 
vs. FORWARD VOLTAGE 


CONVERSION LOSS vs. LOCAL POWER 


| fp=400 MHz PR=—20 dBm 
| f,=430 MHz fjpF=30 MHz 


Lc —Conversion Loss—dB 


IF —Forward Current—mA 





Pi. —Local Power —dBm 





Ve —Forward Voltage—¥ 
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GaAs EPITAXIAL SCHOTTKY BARRIER DIODE QUAD 


ND587R-3R 





NEC 


ELECTRON DEVICE 






DESCRIPTION The ND587R-3R is schottky barrier diode quad inter- 


connected in quad configuration,@specially designed for - PACKAGE DIMENSIONS 
. F 4 in millimeters (inches) 





a 


use in double balanced mixers, phase detectors, AM 
modulaters, and pulse modulators. 


* 


Monolithicvarray 





FEATURES Cd 
® Diode ring e@nfiguration E 
® Wideband operation . 4 
@ Small size package (disk mold] i rs 
» @ \Low cost fv S SS oH 0.6+0.15 (0.024) 
' | 25 @ 8 @ MARKING 
asoc 10° 






ABSOLUTE MAXIMUM RATINGS 


Ls | | re 
-wo = 
a © Maximum Temperatures nies 7 
. tS $ 3840.2 HS 
Storage Temperature......... —65 to +150 C Oo (¢ 0.149) ot 
Junction Temperature ....... 150 °C Maximum PIN CONNECTION 
Maximum Power Dissipation (Tg = 25 C) | 
DC Power Dissipation Py 75 _~— mW/Junction @o mee ma 
Soldering Temperature 230 “Cfor10s 
O- @ 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 

















UNIT 





SYMBOL CHARACTERISTIC TEST CONDITIONS 








ES 





Ves Forward Voltage hae V Ip = 50mA 
VFO Forward Voitage 0.67 0.8 V lp =10mMA 
4Ve2 (NOTE 1) Detta Forward Voltage 0.02 V IF =1.0mA 
C, (NOTE 2) Terminal Capacitance 0.3 0.5 pF VR = 0, f = 1.0 MHz 





AC, (NOTE 1) Deita Terminal Capacitance 0.2 pF VR = 0, f= 1.0 MHz 


NOTE 1: Difference of Vp, C; | 
é@: Measurement terminal @ _ @), Q) - @ 
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Nv: EC ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 °C) 


lr -Forward Current -mA 


FORWARD CURRENT vs. FORWARD VOLTAGE 
1) ————————SRDhBnanana—_———[|S|—]—s555> 






i ea eae 
ieee ee 
10-7 si 
ae eres 
a ae | 
Sana a 
10-2 ae 
0 0.2 0.4 0.6 0.8 1.0 


Ve —Forward Voltage -V 


uA 


Ip - Reverse Current 


ND587R-3R 


REVERSE CURRENT vs. REVERSE VOLTAGE 
100 


——— EE 
LL 










I nl a ee ee ee 





| | 
| 


i ' 
bli ] 





| 
| 


Hl 
it 
[ 





: 
| ail 
; 





197! 


Ll 
. 





: SS 
SE a re 
ee - 


Vp- Reverse Voltage -V 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 


l | 





0.1} 


Cy Terminal Capacitance — pF 









{=1.0 MHz| 
1@-1l0 Vv | 


Vr Reverse Voltage V 
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GaAs EPITAXIAL SCHOTTKY BARRIER DIODE PAIR 


ND587T-3R 






NEC 


ELECTRON DEVICE 








DESCRIPTION The ND587T-3R is schottky barrier diode pair inter- 
connected in Pair configuration, especially designed for PACKAGE DIMENSIONS 






use in Single balanced mixers, phase detectors, AM modu- in millimeters (inches) 
lators, and pulse modulators. > © 
z= 
== 
= a 
a ow 
eal =! * 2 I 
FEATURES ® Monolithic array === (¢ SS © 
® Diodé pair Configuration | | 
Diggt pair config (0.157 MIN.) |> |] 
® Wideband operation =e, 
®@ Small size package 0 2 a 
= oo. Sal o6*?-20,024 
»® Low cost kas Og a 0.675 {36 0.024) 
775 6B y— MARKING 
a, BS 


ABSOLUTE MAXIMUM RATINGS 


DC Power Dissipation Py 75 mW/Junction 
Junction Temperature T; 150 a & 
Storage Temperature T.4g —65 to +150 A + 
Soldering Temperature 230 °C for 10s 





ELECTRICAL CHARACTERISTICS (T, = 25 °C) 






CHARACTERISTIC 





SYMBOL 











VFq Forward Voltage 1.0 V lr =50mA 
VEQ Forward Voltage 0.67 0.8 V l-F =1.0mA 
AVeg(NOTE1) _ Delta Forward Voltage 0.02 V lp =1.0mA 
C, (NOTE 2) Terminal Capacitance 0.25 0.5 pF Vr = 0, f = 1.0 MHz 






AC, (NOTE 1) Delta Terminal Capacitance VR = 0, f = 1.0 MHz 
NOTE 1: Difference of Ve, Cy 
2: Measurement terminal @ —@, @ -@ 





1038 


ND587T-3R 


Ni fo Cc ELECTRON DEVICE 


TYPICAL CHARACTERISTICS (T, = 25 C) 


1G 


int Te 






Chee 
At 


y? —Jueung ess0ney = 





Psi vac ta CURRENT vs. REVERSE VOLTAGE 


a 


1.0 






ET 
in AC 
i 
a il 
A 


Wlu—juauny pl aids | 


08 





06 


Ve—Forward Voltage —V 




















FORWARD CURRENT vs. FORWARD VOLTAGE 


100 






Vr-—Reverse Voltage—V 


TERMINAL CAPACITANCE vs. REVERSE VOLTAGE 





dd—asuejyisedey jeunuiay —+5 


VR~ Reverse Voltage—V 
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NEC 





ELECTRON DEVICE 





DESCRIPTION 


FEATURES 


APPLICATIONS 






The RD2.0E to RD200E Series are zener diodes in the 
popular DO-35 package with DHD (Double Heatsink Diode) 
construction Raving allowable power dissipation of 500 mW. 
To meet various application at customers, Vz (zener voltage) 
is classified into the tight torelance under the specific suffix 
(Bo C= NM; Lh. 
the classification is available at 20 mA (B or C suffix), 5mA 
(N suffix) and 1 mA (L suffix). 


For the low voltage types (up to RD20E), 


@ DHD (Double Heatsink Diode) Construction 
@ DO-35 Glass sealed package 


Circuits for Constant Voltage, Constant Current, Waveform 
Clipper, Surge absorber, etc. 


MAXIMUM RATINGS 


1040 


Maximum Temperatures 


Junction Temperature Tj 175 “ec 

Storage Temperature T stg —65to+175 °C 
Maximum Power Dissipation (T, = 25 °C) 

Power Dissipation P 500 mW 


ZENER DIODES 


RD2.0E~ RD200E 


PACKAGE DIMENSIONS 


in millimeters (inches) 











60.5 ++ 
(60.027) — 








Cathode 
indication 










$ 2,0 MAX, 
(@ 0.08 MAX.) Ae 





(0,98 MIN.) (0.17 MAX.) (0.98 MIN,) 


NEC ttectron vevice _ | RD2.0E~RD200E 


ELECTRICAL CHARACTERISTICS (Tz = 25+2 °C) 
(1) RD [ ] E B Series (2.0 ~ 39 V) 







Zener Voltage Dynamic Impedance | Knee Dynamic Reverse Current 
waNa = (2)** Impedance are (s2)** IR (MA) 





Type Number Suffix 




















“win. | MAX. Pig (mA 
|B | 188 | 220 
and etd 

_ 
Ts | 209 | 241 
page [er [22 | 250 | 120 

Tar [222 | oat 

e230 
| a9 | gee | 
peta Te] 
es [25 [29 | 
rer ase [275 
ez [269 | 291] 
pete 3.2, 
beta ae 
e [31 [35 | 
RD3.3E BI 3. a me 
Bs | 3 

| B2 ear 62 | 
os par far 
eo | 382] ata 
ccc 
ar | 408 [426 
Pee [40 [400 
esa a8 
52 
33 
ee 
CaP sas [saa 
vee fae | a8 
es | 6.12] 535 | 

a: 
Bi | 5.29 | 552 
| 82 | 646 | 5.70 

_ 83 | 564 | 5.88 
me = 
er | 581 | 606 
| B2 | 599 | 624 
| a 
| eee 
eee | 679 
| 83 | 6.70 | 697 
ps [ro [7a 
a 88 8 19 
e [on [ra 
83 
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RD2.0E~RD200E | | | NEC ttectron vevice 





Dynamic Impedance Knee Dynamic Reverse Current 


é> (m)** Impedance Zz, (9)** | 


2 Im 


Zener Voltage 
Type Number Suffix Vz (V)* 















f . 77 | 87 
7.90 
B2. | 782 | 8.15 | 
B3 
Tes | 96 
Bi | 833 | 870 | 
e2 | e61 | 899 


B3 


ae 
ee 
© 


| 9.29 
9.4 10.9 


a 


2 
B3 10.30 
B 16 | 

i068 

B2 Cd 10.95 
B3 11.26 
8 [a p16 


948 
9.82 














cer pasa | 1163 
1192 


| 12.30 
14.1 
12.71 
13.16 
13.03 | 13.62 


=k 
; 

oo 

a) 


14 | 10 | 110 


=k 
So 





ee 






















| Bt | 16.34 17.06 

B3 18.30 | | 
BB | 188 =| 216 [0 
a2 18.73 | | 
| B4 | 1988 | 20.72 | | | | 
28 | 233 | —_ | - 


20.23 | 21.08 
21.65 


B3 21.22 | 2209 | 
2168 | 2261 
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NEC trectron oevice - | oe RD2.0E~RD200E 


















| Knee Dynamic Reverse Current 
Impedance 27, ({2)** IR (uA) 


MAX. [tz (mA) 







] Dynamic Impedance | 
Zz (f)** 


Zener Voltage 
| Type Number | Suffix Vz (V)* 


| B | 25.1 
24.26 
24.97 | 
25.63 | 2695 | 
Te | 20 | 20 | 
Bi 
B2 29.13 
B3 28.36 
‘| 29.02 
er | 2988 | 3129 
Tes | 30.90 | 32.60 
es | 340 | 380 
er | sara | 39.79 
82 | 32.79 | 3449 | 
BS | 3340 | 35.13 — 
_ 
| BQ 35.36 
36.00 85 
[es | 3736 | 30.20 



























































* Suffix B : tested with D.C. 
Suffix B1 ~ B7 : tested with pulse (40 ms) 


2; and 27>, are measured at |, by given a very small A.C, current signal. 


= # 
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RD2.0E~RD200E _ | . NEC ELECTRON DEVICE 


(2) RD [ ] E B Series (43 ~ 120 V) 

i. i Zener Voltage 
Vz (v)* 
MAX. 





Dynamic Impedance Reverse Current 


éz (2)** 






lz (mA) 





| MIN. lz (mA) | 
ee a ae 
ie ee a 
a a 02 | 39 | 
B | 8s ee 02 | 4 
ee | OF A] 
ee [ a a ) 02 | 52 
|B = 02 | 7 
aa ee ee 02 feo 
Me Se a Da 
ee to a ee 


RE120E 114 


* tested with pulse (40 ms) 


** Z, are measured at Iz by given a very small] A.C. current signal. 


(®) 


) RD [ |] €E B Series (130 ~ 200 V) 














Dynamic Impedance 
27 ($2) a4 


‘Zener Voltage 









Type Number 


a 
_RD140E re 130 


Reverse Current 
Ip WA) 






To 
a oon oo 
[mpiwoe | 8 | 170 ~+|~ 190 
(—ro190e | 8 | 160 ~| 200 
[Rozoe [8 | 190 | 210 | 


* tested with pulse (40 ms). 
** 7, are measured at Iz by given a very small A.C. current signal. 


104.4 


NEC trectron oevice | RD2.0E~ RD200E 





(4) RD [ J] EL Series 


















Knee Dynamic 











Reverse Current 
IR (uA) 


Zener Voltage 
Vz (v)* 


Dynamic Impedance 











Impedance 


Type Number 
ézk 1st) ai 


Suffix 








MIN, MAX 
2.91 

“2.69 291 
3.07 


3.53 


Pais 
3.32 3.53 
3.92 44a 
4.71 491 

5.0% 


5.35 


= 
5.88 


5.61 
5.81 6.06 


6.24 


6.16 
6.32 6.97. 


pt [786 | sat 
aa ae 
| 782 | 

ris | 807 [ea 
Tt] 833 [920 
Peres] 370 
vis [880 [920 | 












/ 





RD5.6E 





” 
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RD2.0E~RD200E - NEC trectron DEVICE 





Knee Dynamic 







Zener Voltage Dynamic Impedance Reverse Current 
| ae Impedance IR (uA) 
Type Number | Suffix Vz (V)* Zz (9)** 


Zee (Qt 
{20 10.30 
9.59 
9.90 


_10.63 05 | 02.1] 80 
10.95 _ | 
11.63 
12.18 | 1362 
3.16 
13.48 | 15.02 
16.50 
17.06 


17.67 


ese 
17.51 18.30 


18.92 


pen 













| 









RD18E 
RD20E 


RD22E 
ry Bo 22.09 
21.68 22.61 





23.73 
24.81 
77.64 
25.52. 
26.26 
26.95 
27.64 


29.82 
30. a) 


fs 





ro 
| & 
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NEC ELECTRON DEVICE | RD2.0E~ RD200E 





Knee Dynamic 
Reverse Current 


” | Zener Voltage Dynamic Impedance 
Type Number | Suffix Ve (V)* 2, (9)** 


Impedance 
Zak ($2) a “ 


Dara] 
x 





* tested with pulse (40 ms). 
** Z, and 27, are measured by Iz by given a very small A.C, current signal, 
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RD2.0E~ RD200E 7 | NEC tcectron vevice 





(3) RD [ J] EN Series 


Knee Dynamic 





Zener Voltage Dynamic Impedance Reverse Current 
| Impedance 


Type Number Ip (uA) 
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NEC ttectron DEVICE | RD2.0E~RD200E 





7 Vol | D ie | 4 Knee Dynamic 7 
Type Number | Suffix PUEY Meee | eee eee ispadanie Reverse Current 
Vz (Vv)? 


a 


| 11,80 
| 12.18 





* tested with pulse (40 ms). 


** Zz and Zz, are measured at Iz by given a very small A.C. current signal. 
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RD2.0E~RD200E NEC tvectron vevice 





ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs. ZENER besesleisis 


TYP. 
- RD6.8E 


100 m 


10mpPF 10m 


















Tm Tm 
*- < 
<f _ 
: 100 yw : 100 
3 3 
= 0p 10 wu 
G N 
Ps | 
wat 
= 1 ut lu 
100 n 100.n 
10 n 1017 
Tn TnLy | f | 
oF; @ O°740 11 12°13 14..15 
vz — Zener Voltage — V vu, — Zener Voltage — V 
ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs. ZENER VOLTAGE 
100 m 100 m 
10m 10m 
— 1 rm <—f 1m 
: | | 
aa 
e 
6 100 u} 4 100u 
| | i Ip] 
aS a > 
1 om ] ut 
100 n 100 n 
10 n | 
Jf / Tn | 3 
sf - / or fe ere ET ot46 18 20 22 24 26 28 30 32 
vz — Zener Voltage — V vz — Zener Voltage — V 
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NEC trectron vevice RD2.0E~ RD200E 


ZENER CURRENT vs, ZENER VOLTAGE ZENER CURRENT vs. ZENER VOLTAGE 


100 m 


RDSGE IRD68E RDBZE ani 90€ 
noa7a \rodod nce [| 
2 : 
10m 
Im 
) << 
y j 
e » 100 
c 5 : 
= 
z = 
am | 
: oO 
. - 10 
: Le 
5 = 
ty 
| N 
i : 
wal 





0°30 60 90 120 


vz — Zener Voltage — V vz — Zener Voltage — V 


ZENER CURRENT vs. ZENER VOLTAGE 


100 m 


10m 


100 yw 


10 yu 


iz Zener Current — A 


Tu 


100 n 


10n 


In 





v> — Zener Voltage — V 
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RD2.0E~ RD200E 


POWER DISSIPATION vs. AMBIENT TEMPERATURE 
600 — 





P — Power Dissipation — mW 


020406080100 120 1740 760 180 200 


Tg —Ambient Temperature — a 3 


THERMAL RESISTANCE vs. SIZE OF P.C BOARD 


7 Junction 
to ambient 


Rth ~ Thermal Resistance — °C/W 


Seene/an 
Saearine 
Sean/Gnn 


S — Size of P.C Board — mm 


DYNAMIC IMPEDANCE vs. ZENER CURRENT 


“Hee 
INCH 


ae or ot | ee ed 
—— oa . 
ASS kh 1 


+——I— 
—— a 
iTS mS 
"o_o s S 


——_ = -_ 
——_-. = +e — NA ‘=e 
— =" a * @e 


Z, — Dynamic Impedance — 2 


PADS TDS) UA 


iz — Zener siete mA 








| oi Sim 


Tab se—-H NM AN si a Gen 
: Wal \ Ms 
011 SETA AN SS SE TAS Soi 
| | | aoese WA 


COATT SA SSSI 


+—+—4 
See eee se 
ea ee ee ASN SS +} Sit 
TS Ree CUR AS 
ASSIS. | aS . . 


SSO 





NEC ELECTRON DEVICE 


POWER DISSIPATION vs. AMBIENT TEMPERATURE 
600 





RDSOE to 
RD200E 


P — Power Dissipation — mW 


0 20 40 60 80 100 120 140 160 180 200 


Ta — Ambient Temperature —°C 


THERMAL RESISTANCE vs. SIZE OF P.C BOARD 


600 : ~TJunetion 
to ambient 


Rth — Thermal Resistance — °C/W 
a) 
o 
o 





S — Size of P.C Board — mm* 


DYNAMIC IMPEDANCE vs. ZENER CURENT 





1 00 0000 eee eee 











—— ey =D 130€ 
BoE ty ~—sto. RO 2008 

“ Se | 

| 10000 ttt Bn tt Lf TYP 

: EES poo ee 

3 TSS SS SSS Tap 

2 Coos 

© sooo kee II SSS 

oOo ¢ —— ee eee 

. ee 

= TCP TP HG TRO abe 

er ee 

, ha —————— = 

‘ FS SE ete 

gL 1 | AT ii em 

: 10 


iz — Zener Current — mA. 


¥z — Zener Voltage Temperature Coefficient — %/°C 


vz — Zener Voltage Temperature Coefficient — %/°C 


Zth — Transient thermal impedance — °C/W 


NV: EC. ELECTRON DEVICE 


ZENER VOLTAGE TEMPERATURE COEFFICIENT vs, 
ZENER VOLTAGE 










PAT | [ t| | |p020~pospe 


ar ee a aC ee eT 


¥z'— Zener Voltage Temperature Coefficient — %/°C 


vz — Zener Voltage — V 


ZENER VOLTAGE TEMPERATURE COEFFICIENT vs. 
ZENER VOLTAGE 







i 


HH 
SINT 
AUTEN TL 


Dd 
O 
Go 
oS 
m 
t 
ae 
O 
fh 
o 
O 
m 





¥z — Zener Voltage Temperature Coefficient — mV/°C 





120 130 140 150 160 170 180 190 200 O 
vz — Zener Voltage — V 


TRANSIENT THERMAL IMPEDANCE 


eH Se a +—_}-—4 — — == eee ——— oe ; 






i 
Sie et etc ee eeit SES 

















1 aes 
Se eeiiimseasii meme ieee eeeet eel 
pas 2p BOD ee ee |! 

0.1 COMIC CCT CCT 

1m 10 m 100 m 1 10 100 1000 


t — Time —s5 


RD2.0E~ RD200E 


“ZENER VOLTAGE TEMPERATURE COEFFICIENT vs. 


0.1 


0.09 


v2 — Zener Voltage Temperature Coefficient — mV/°C 








PRSM — Surge Reverse Power — W 





ZENER VOLTAGE 






—— 
|_| | 
1000 = 
+ —+ 4 
aes |_| 
100 


Ee 
TTT oo 


RD43E~RD120E 


70 80 90 100 110 120 
vz — Zener Voltage — V 

















es 
TL PTT ttt ty Td, 


40 


SURGE REVERSE POWER RATINGS 


 Tg=25 °C 
Non-Repetitive 


i Et — 


ee —— SSEii —=— sees re —— ae ee 
= 










ahness 
ae 
ee Pee 









i aiiinn LT 
a Ha osieee. See 
| aaa a tooth HOC saul 
ee 
Tu 100 wu im 10m 100 m 


t — Pulse Width —s 
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¥z'— Zener Voltage Temperature Coefficient — mV/°C 


NEC 


ELECTRON DEVICE 












DESCRIPTION The RD2.0F to RD82F are DHD (Double Heatsink Diode) 
construction zener diodes possessing an allowable power 


dissipation of 1 watt. 


FEATURES @ DHD (Double Heatsink Diode) Construction 
@ Vz: Applied E24 standard 


APPLICATIONS Circuits for, Constant Voltage, Constant Current, Waveform 
clipper, Surge absorber, etc. 


MAXIMUM RATINGS 
Maximum Temperature 
Junction Temperature Tj 175°C 
Storage Temperature Tstg —65 to +175 °C 
Maximum Power Dissipation 
Power Dissipation P 1.0 W 
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ZENER DIODES 


RD2.0F~RD82F _ 


PACKAGE DIMENSIONS 


in millimeters {inches} 


> 
= 
co 
mn 
o 
a: 
<< 
| = 
) 
™ 
o 
Zz 
= 
oo 
a 
9° 





NEC ttecrron vevice | _ RD2.0F ~RD82F 





ELECTRICAL CHARACTERISTICS (T, = 252 °C) 


-_ Zener Voltage Dynamic Impedance | Reverse Current | 
Type Number Suffix | Ve (V)* Zz (s)** IR (uA) 


MAX. 





1.88 ) 
1.88 212 | 


2.25 


RD2.0F 


_ 2.24 | | 
200 


__2.08 


, 221 245 


[ef 328 [270 
er [231] 
[Ls | 25 | 29 | 
CS 


Ww). 
|) ol 
a 


ia Gs 
er 
ae ee 















eS es er eed ee 
ce | 31 | 35 
RD3.3F 
Pe [34 [= 38 
Per | as | 68 
es ee 
pez | see | at 
Pe | ao "| 45 © | 
32 | ate [aa 
ee 
pe | 44 | 49 | 
per | 4ai | 4s 

4.78 
ee 
[se | 48 [ 54 | 
pei | 479 | 505 
a 
Ce | 63 | eo" | 
ee 
[es | 565 | 595 | 
[es | 68 | e6 | 
ee 
[ez | soe | 633 | 
Ce | 64 | 72 | 
[Bi] «635 
ied tae es: Seal Get 7 a 
8 |) Oo | 78 or | 
| 
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RD2.0F ~RD82F NEC trectron vevice 





Zener Voltage Dynamic Impedance Reverse Current 


Type Number | Suffix 
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NEC ELECTRON DEVICE | RD2.0F~RD82F 





Zener Voltage | Dynamic Impedance Reverse Current 
Type Number Suffix | Vz (V)* Zz (s1)** | IR (uA) 
MIN. | MAX, lz (mA) MAX. | Iz (mA) MAX. | Vp (Vv) 
18 . 10 10 23 
1s 10 10 25 





20 10 10 | 30 





* Suffix B : tested with D.C, 
Suffix B1 ~ B3 : testes with pulse (40 ms). 
Z, is measured at Iz by given a very small A.C. current signal. 


Ke 


Zener Voltage Dynamic Impedance Reverse Current _ 
Type Number Vz (V)* 
MAX. 





— RD43F 
RD47F 


% 


tested with puise (40 msi. 


** Z, is measured at Iz by given a very small A.C, current signal. 
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RD2.0F ~RD82F | | NEC tcectron vevice 





ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs. ZENER VOLTAGE 


|RO12F 
RO1OF RDO11F 


700 m 100 m 


10 mI 10m 





im 1m 
4 off 
| 
= <I 
® 100 u |; 100 pu 
é 
10 a 
& 10 w i . 
| 5 
a N 
| 
le nu TH 
100 n 100 n 
10 ne 10 n} 
Tn 1 nL 
0 O07 8 9 10 11 12 13 #14 «+15 
vy — Zener Voltage — V vy ~— Zener Voltage — V 
ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs. ZENER VOLTAGE 


100 m 


7 MH HE 
Tm 


<— <—t 
| 
= = 
5 o 00H) 
= = 
2) O 
a a | 
c £ 10u 
ak) ae] 
is | SJ 
| | 
a NM 


le 


100 n| 


10n 





Ti 12 13 14 15 16 17 18 19 20 16 18 20 22 24 26 28 30 32 34 
vz — Zener Voltage — V vz — Zener Voltage — V 
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NEC tectron vevice RD2.O0F~ RD82F 


ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs. ZENER VOLTAGE 





iz — Zener Current —A 
— 
S S 
= = 

iz — Zener Current —A 


vz — Zener Voltage — V vz — Zener Voltage — V 


ZENER VOLTAGE TEMPERATURE 
COEFFICIENT vs. ZENER VOLTAGE 


ee LE 
CT acre eT 
ere 
: aan 
a 


POWER DISSIPATION vs. 


PAPE 
Ut | 
a 


be 


P — Power Dissipation — mW 





i 
a 
si 
el _ 
a 
me 
+ ie 
Ll 
T_ 


0 


a 
N 
= 
N 
ime 
-_ 
mE 
= 
a 
aa 
ne 


BERBERS ID. 
ey 


20 40 60 80 100 120 140 160 180 200 


T, — Ambient Temperature — °C 


Y 
vz — Zener Voltage Temperature Coefficient — %/° C 





—— —40 
0 4 8 12 16 20 24 278 32 36 40 44 


vz — Zener Voltage — V 
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Voltage Temperature Coefficient — mV/°C 


7 — Zener 


RD2.0F ~RD82F | NEC erectron vevice 





ZENER VOLTAGE TEMPERATURE 






































































ad COEFFICIENT VS, ZENER VOLTAGE o DYNAMIC IMPEDANCE V5. ZEN ER CURRENT 
= = 1000 — — 

= == 

l | 500-——* = 

c e _—aea 
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Vz — Sends Voltage — V 
iz — Zener Current —mA 


THERMAL RESISTANCE vs, SIZE OF P.C, BOARD 


SURGE REVERSE POWER RATINGS 
















= 7 iii a Ls 

9 YO Eee Lt Ta=25°C 

| 2 1000 ks iia oom pam ese 
2 e Si. Sei Seti Seeseerteeti 
5 2 Con sss maniilil 
4 SS LUMLUM Seu CTT 
— cc ae ee pees Hest SS esses 
ea ft eee ait CT meee 
E 8 coi i! RE ill 
§ . fees at 
F Ss  FRR—FrHE fe 
| un alii 
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Rs r 


ida: 100 pw 7 m 10m 100 m 4 


t — Pulse Width —s 





S — Size of P.C Board — mm? 


TRANSIENT THERMAL IMPEDANCE 


100 


10 


@th — Transient Thermal Impedance — ° C/W 
TTT LUM ECU 
|_| tt tM 
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NEC 


ELECTRON DEVICE 


LOW NOISE SHARP BREAKDOWN CHARACTERISTICS 
ZENER DIODE 


RD4.7JS~RD39JS 


DESCRIPTION The RD4.7JS to RD39JS Series are 













DHD (Double Heatsink Diode) construction PACKAGE DIMENSIONS 
Mini Package (DO-34; Body length 3.0 mm Max.) ENR Ae! 
possessing an allowable power dissipation of 400 mW, featuring 
low noise, sharp breakdown characteristic. 
~ (@ 0.015) 
FEATURES @ DO-34 Glass sealed package : 


® Low noise 


+ 
thes 


® Sharp Breakdown characteristic eee 
atnoaone 
® DHD (Double Heatsink Diode) construction Taaietion 
® Vz Applied E24 standard 
: ‘ p20 MAX, 
APPLICATIONS Circuits for, Constant Voltage, Constant Current, Waveform } 


(@ 0.08 MAX.) 
clipper, etc. : 


(0,98 MIN.) (0.12 MAX.) (0.98 MIN,) 


MAXIMUM RATINGS 


Maximum Temperatures 





Junction Temperature Tj - 175°C 
Storage Temperature Tstg —65 to +175 °C 
Maximum Power Dissipation (Tg = 25 “Gi 


Power Dissipation P 400 mW 
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RD4.7JS~—~RD39JS NEC screon DEVICE 





ELECTRICAL CHARACTERISTICS (T, = 25 +2 °C) 


Knee Dynamic 
Zener Voltage Dynamic Impedance Reverse Current 
Ve (V) Impedance le (uA) 
* \** Me 


Type Number | Suffix 


















MIN. | MAX. | 12 (mA) _ (mA) | MAX. | lz (mA) | imA) | MAX. | Iz (mA) | MAX. | VR (v). | 
aaa aan 
RD4,7JS 100 800 
- pasar ) 
wosas [ot 484 [804 
Pee [ase [sa | 
8] sat | see] 
noses S| 831 | 885 
pez | sa0 [573 
Ts | ss [ess | 
noeas FS] see Te | | an 
a aa ee | | 
| 8B | 647 | 714 | 
aoses [ot | 647 | 673 
| Pea [eas | s93 
a et sa | 
Cat 706 06 bears 36 
. 
Pea 
RD8.2JS a | 30 
| 





oo 
a 
a 


9.23 





o.77 10.21 


| RD9.1JS 
RD10JS 
10.55 


10.88 
— 11.22 
11.56 
12.60 
11.90 
12.24 
12.60 
13.69 
13.49 
1396 
15.52 
14.98 
riass | 


356 
| 885 
915 
945 | 
945 | 9.87 
a 


ca 


| 





RDi2JS 


& 
o 





RDi3JS 


RD15JS 


of 
hh) 


oo 
Bt 3 
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NEC ELECTRON DEVICE | | RD4.7JS oar RD39J S 








: | _ = K Knee Dynamic 
Zener Voltage Dynamic Impedance ' d Reverse Current 
mpedance | 
Type Number  Suftix Vz (v)* Z> (9) ** Pp Ip (u) 
Ze 

MIN, 

45 at a 09 

RD1I6JS 


[1ss7_[ 601 
[sas [ies 





os 
“Pass Pan 
| 


i 
2061 | 
"28.00 | 32.00 
[aaa [a8 
{3100 — 


tested with pulse (40 ms). 


RD22J5 


RD24J5 


La 
ted 





RD27J8 





RD30JS 


RD33J5 


RD36JS 


RD39JS 





* 


** Z, and 27, are measured at lz by given a very small A.C. current signal. 
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RD4.7JS~RD39JS | - NEC tvectron oevice 






10m 


ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs. ZENER VOLTAGE 
100 m. saci. ; 
a RDS 
RD10JS | RD12J5 RDIZJS 
\ RAD1iS5JS 
10 m} 








ae | m| 1m 
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< | 
| w 
c 100n 5 100 pl 
wo 
3 a3 
= O 
ra | 5 
= 10 w} S 104 
MN | 
| N 
N | — 
Tu Ter 
100 n 100 nf 
“| E TH, } 
a] 1 nl ; } } | | 
0 0 12 13 14 15 
vz — Zener Voltage — V vz — Zener Vote =m, 
ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs, ZENER VOLTAGE 
100 m 100 m 
| RD27JS RD3OJS} RAD3BIS |RD36JS RD3OJS 
: 1m 7 tm 
c c 
u e 
G 100u G 100 u 
G a 
€ ec 
bil pil 
N N 
l I 
wu We! nN “es 


ive 


100 n| wn 


10 n en 





Tn 





"9 Sa 26 28 30 32 34 36 38 40 
vz — Zener Voltage — V 


0.12 14 16 18 20 22 24 26 28 
1064 vs — Zener Voltage — V 


NEC ttectron oevice | — ; RD4.7JS~RD39JS 


ZENER VOLTAGE TEMPERATURE 
POWER DISSIPATION vs. AMBIENT TEMPERATURE COEFFICIENT vs. ZENER VOLTAGE 


si ae (a (NE AP SH 
inn a =, a 
ee 












Noo | | NEL 
vate || NTL 


0 20 40 60 80 100 120 140 160 180 200 


ly 8 
4 | 


P— Power Dissipation — mW 


« 
a 
_|gs 
| 8: 
|| 
EE 
x 
LY 
a 
Ld 


"v2 — Zener Voltage Temperature Coefficiency — %/°C 
N 
oS 
Yz' — Zener Voltage Temperature Coefficient — mV/°C 


8 12 1 20 24 28 32 36 40 


Ta — Ambient Temperature — °C vz — Zener Voltage — V 


THERMAL RESISTANCE vs. SIZE OF P.C BOARD NOISE LEVEL vs. ZENER VOLTAGE 


e,, — Noise Level — uV 


Rth — Thermal Resistance —° CAV 





vz — Zener Voltage — V 





S — Size of P.C Board — mm? 


SURGE REVERSE POWER RATINGS 








































. TRANSIENT THERMAL IMPEDANCE 
1000 = 
: Ss ——oss ess fa) ——4 
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_— | 5 100 Si Se ett St Sac: aa 
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SS ee 
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t— Time —s 
t — Pulse Width —s 
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ZENER DIODES 


RD2.0OES to RDSYES 









NEC 


ELECTRON DEVICE 








DESCRIPTION NEC Type RD2.0ES to RD3QES Series are planar type 
diodes into DO-34 Package (Body length 3.0 mm MAX.) PACKAGE DIMENSIONS 


with DHD (Déuble Heatsink Diode) construction having in millimeters (inches) 


allowable power dissipation of 400 mW. 


FEATURES ——@ DO-34 Glass sealed package 
This diode can be inserted into a PC board with a shorter 
| pitch (5 mm) Cathods 
osmm indication 


| | 
Vs | 
———————— p 70 MAX. ! 


(¢ 0.08 MAX.) 


® Planar process 


® DHD (Double Heatsink Diode) construction l 
® V, Applied E24 standard | 


= 
= 
90 
pt 
= 
x 
< 
= 
> 
ma 
S 
= 
= 
co 
o 
=. 


Marking color: Black 





APPLICATIONS — Circuits for, 7 
Constant Voltage, Constant Current, Wave form 


clipper, Surge absorber, etc. 


MAXIMUM RATINGS 
Maximum Temperatures 


Junction Temperature T; 175 " 

Storage Temperature Tyig —65to+175 “C 
Maximum Power Dissipation (T, = 25 °C) 

Power Dissipation r 400 mW 
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NEC ttectron oevice | RD2.OES to RD39SES 





ELECTRICAL CHARACTERISTICS (T, = 25 +2 “IC 





| : Knee Dynamic 
Zener Voltage Dynamic Impedance Reverse Current 
Type Number | Suffix Vo (v)* | Z, (9)** impedance le WA) 
| | > (uA! 
. ? a (2)** A 


[rai [aan 
=o 
301 [az 
ee 
RD3.6esS =| «Bt OC] «3.47 «| 8.68 
eo [362 | 380 
oe a 
posses [Bt | 377 | 398 
Pee [see [aa 


RD2.0ES 


RD2.2ES 


RD2.4ES 


RD2.7ES 





RD3.0ES 


RDS.3ES 


| 
q 








Pesos ase 
4.30 

| =e 2am 

Paar aa 

ves Per [ase [arr 

Pesan aa 

=e see 

Para [sa 

cme ae 

ee: ae 

ee ee 

roeses [| eat [eae 

ves pa s00 | 624 

a ad at Fad ed 

ROSBES —aaee 

6.79 

ae ee 


8 | 68s | 764 
SS e271 | at 





RD2.0ES to RD39ES NEC ttectron vevice 













Knee Dynamic 












Zener Voltage Dynamic Impedance Reverse Current 


| Type Number | Suffix Vz (Vv)* | Zs (Q)** 





Impedance 












aed 
s [ea | a9] 
ce | ess 370 
a 
8 [218 F030 
Tose [rae 


22.61 


— [ass 
24.81 


RD13ES 


RDiISESs 
RDI6ES 


RDISES 





RD20ES 


RD22ES 





RD24Es 
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NEC trectron vevice | RD2.0ES to RD39ES 





Knee Dynamic 
| Zener Voltage Dynamic Impedance Reverse Current 
Impedance : 
Type Number | Suffix Vz (V)* | Zz ()** a IR (uA) 
| ont (2) 


win Tv 

RDZTES [sar aa 
26.95 

; 

RDQOES 


“29.68 


ROSES 


* tested with pulse (40 ms). 





** Z, and 23, are measured at lz by given a smal! A.C. current signal. 
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RD2.0ES to RD39ES 


TYPICAL CHARACTERISTICS 


ZENER CURRENT vs. ZENER VOLTAGE 





| RD2. el RD6. 8ES 
RD2.0ES| \ | \RD7.5ES 


RD8.2ES 
RD2.4ES \—-RDY.1ES 
RD2.7ES. Hy) hs 


RD3.0ES- LY, | 
RD3.3ES-//f 


ee ih 

a Ja tt 
AL 
i 


HI 


ot 2 ss & 8 67 











100 m 














10 










Ti 










100 f 
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iz—Zener Current—A 






8 9 10 
V;z—Zener Voltage—V 


ZENER CURRENT vs. ZENER VOLTAGE 


100 m — 
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lit dae! { RD 
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Vz—Zener Voltage—V 
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‘és RD30ES 


NEC ttecteon vevict 


ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs. ZENER VOLTAG 


Py | td | 
| 


100 m 
| | /RD13ES 
10 m — 
] | 
| 
lm 


lx —Jener Current-A 





ln 





o°7 8 9 10 11 12 


(13 «14 


15 11 12 13 14 15 16 17 1819 20 


Uz—Zzener Volta ge—V Vz—Zener Voltage—V 


ZENER CURRENT vs. ZENER VOLTAGE 


100 m ee oe 
] 
| 

RDS3ES RD36ES 


RD39ES 


iz—Zener Current—A 





40 
Vy—Zener Voltage—V 


NEC ttectron oevice | a RD2.0ES to RD39ES 


POWER DISSIPATION vs. THERMAL RESISTANCE Vs. 
AMBIENT TEMPERATURE SIZE OF P.C BOARD 





= 
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Fi ‘ -0.035 mm @ 
- XX Rs : 
ra] ~ | = 
— oD 
7 \ 
i L 
fa 
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 
Ta—Ambient Temperature—C . S—Size of N.C. Board—mm* 
DYNAMIC IMPEDANCE vs. . ZENER VOLTAGE TEMPERATURE COEFFICIENT 
ZENER CURRENT vs. ZENER VOLTAGE 
1000 40 
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iz—Zener Current—mA vz—Zener Voltage—V 
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NEC 


ELECTRON DEVICE 









DESCRIPTION 


RD8.2EW, RD9.1EW are DHD (Double Heatsink Diode) 
construction Mini Package (DO-34: Body length 3.0 mm 
Max.) possessing an allowable power dissipation of 400 
mW, featuring bidirectional zener voltage characteristic. 


7 


FEATURES _ @D0O-34 Glass sealed package 
This diode can be inserted into a PC board with a shorter 


pitch (5 mm) 


5 mm 


@ Bidirectional 
@®DHD (Double Heatsink Diode) construction 


APPLICATIONS Circuit for Surge absorber, Limitter 


MAXIMUM RATINGS 


Maximum Temperatures 
Junction Temperature 
Storage Temperature Tstg 

Maximum Power Dissipation (Tz = 25 ~C) 


Tj 175 «°C 
—65 to +175 °C 


Power Dissipation Pp 400 mW 


ELECTRICAL CHARACTERISTICS (Ta = 2542 C) 





Dynamic Impedance 
iz (s2) = # 


Zener Voltage 

Type Vz2(V)* 
Number a Na 
Iz(mA) a 


74 | 90 | 20 
= ———— =F —— ——-- eH a a 
RDOI1EW = —82sC=*d | 20 
* Tasted with pulse (40 ms) 
** 27 & Zz7~ are measured at Iz by given a very small A.C. current signal. 


1072 


BIDIRECTIONAL ZENER DIODES 


RD8.2EW,RD9.1EW 





Perrone 


PACKAGE DIMENSIONS 





f 
\ 


(0,98 MIN.) (0.12 MAX.) (0.98 MIN.) 









Color 
RDSB.2EW 
RDS.1EW 





: Blue 
: Black 





Knee Dynamic 
Impedance 





0.5 | 


+ ————— - -- - -— 





NEC ELECTRON DEVICE 


Ww 


Prsm— Surge Reverse Power 


P—-Power Dissipation mW 





0 


POWER DISSIPATION vs. 
AMBIENT TEMPE RATURE 


20 40 60 80 100 120 140 160 180 200 


Ta—Ambient Temperature— °C 


saoldibod REVERSE POWER RATINGS 


°C/W 


Rth Thermal Resistance 


500/- 


200 


i 
he 


Z +++ f——t = = 
me f—— 


- a ti 
: 
Bl 
} 


tT —Pulse Width—s 





RD8.2EW,RD9S.1EW 





THERMAL RESISTANCE vs. 
SIZE OF P.C BOARD 





S— Size _ P.C hes 


i 


1 


TU 


i7--Zener Current-—A 





ZENER CURRENT vs. 
ZENER pleated 


ll 
ll 


inn 
ann 


Ra 
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tl 
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Vz—dZener Voltage V 
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ZENER DIODES 


BZY88-C2V7~BZY88-C33 


NEC 


ELECTRON DEVICE 









DESCRIPTION The BZY88-C2V7 to BZY88-C33 Series are DHD (Double 


Heatsink Diode) construction zener diodes possessing an PACKAGE DIMENSIONS 


in millimeters (inches) 







allowable power dissipation of 500 m watt. 


FEATURES ~ ® DHD (Double Heatsink Diode) Construction 
@ DO-35 Glass sealed package 





Cathode 
indication 










@ 2.0 MAX. 
(@ 0.08 MAX.) 





(0.98 MIN.) (0.17 MAX.) (0.98 MIN.) 





APPLICATIONS Circuits for, Constant voltage, Constant current, Waveform 
clipper, Surge absorber, etc. 


MAXIMUM RATINGS 
Maximum Temperatures 


Junction Temperature Tj 175°C 

Storage Temperature Tstg —65 to +175 °C 
Maximum Power Dissipation (Ta = 25 °C) 

Power Dissipation P 500 mW 
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NEC ttectron oevice | | BZY88-C2V7—BZY88-C33 





ELECTRICAL CHARACTERISTICS (Tg = 25 °C) 






Zener Dynamic . Knee Dynamic | Reverse 
Voltage Impedance Impedance | Voltage 
Vz (Vv)* | Zz (s2)** VR (Vv) 


Type 



















Number 


B2ZY88-C2V7 






BZY88-C3V0 


ae: 





B2ZY88-C3V3 








BZY88-G3V6 


BZY88-C3V9 
BZY68-C4V3 


| B2yss-c4v7 






BZY88-C5V6 


BZY88-C6V2 





BZY88-C24 






BZY88-C27 
BZY88-C30 










BZY88-C33 
* tested with DC, 
** Z, and Zz, are measured at Iz by given a very small A.C, current signal, 
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BZY88-C2V7~BZY88-C33 NEG tiecteon vevice 





ZENER CURRENT vs. ZENER VOLTAGE ZENER CURRENT vs. ZENER VOLTAGE 
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10m 10m 
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ZENER CURRENT vs. ZENER VOLTAGE 
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5 100 » = 100 py 
O oO 
: 10 w N 104 
fe a 
lu lu 
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Tn I nl 
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NEC ELECTRON DEVICE 


Prsm — Surge Reverse Power — W 


ee A 
re mRne 
500 |(-—_T13 an 
s foo we 
ee eee ve 
ot LIND UL 
s 100 ——_ Ts i — ane 
a acon! a a os . eet —$§_t- c3v3 ttt 
& pA “a! i maul 
= ees. NS NSS Bagel 
r T_T TEAS NAT: INS fill 
> LUN SSIS [ll 
J 10 ee ; Saas: 
. ee Sh SAE 
ny 8 SSNs OSS A 
WOR ah 
einen “ wT SS< 
, hh 


POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


pt ot tT tt tt 
ee ae ae a 
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P.C Board 
o7 mm 





P.C Board 
eye 


P — Power Dissipation — mW 
w 


60 100 120 140 
T, —Ambient Temperature — °C 


DYNAMIC IMPEDANCE vs. 
ZENER CURRENT 

















0.1 700 


iz — Zener Current —MA 


SURGE REVERSE POWER RATINGS 











T3=25 . Cc 
Non-Repetitive 


: oi 
I i SS 
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NEC 


ELECTRON DEVICE 





DESCRIPTION 


FEATURES 





The $D113, $D115, SD116 and SD117 are voltage-variable 
Capacitance diodes ideally suited to applications for FM tuners 
of AFC circuits. 


@ High reliability 
® Glass sealed DHD (Double Heatsink Diode) 


MAXIMUM RATINGS 












Maximum Temperatures 








VARICAP DIODES 


$D113,SD115,SD116,SD117 





PACKAGE DIMENSIONS 


in millimeters (inches) 





a 
= 
aD 
aH 
Cathode x - 
o a . = 
Junction Temperature qj 175 C Indication S |= 
Storage Temperature T stg —65 to +175 C = = 
i = 95°C) @ 2.0 MAX, l= 
Maximum Voltages and Currents (Ta = 25 C) 6 0.08 MAX) +12 
S$D113  $D115toSD117 s|= 
oo 
| | 
Peak Reverse Voltage Vpn 10 15 — V No 
DC Reverse Voltage VR 5: 10 V 
ELECTRICAL CHARACTERISTICS (T, = 25° Cc) 
pts $D113 $D115 SD116 SD117 
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS 
MIN. MAX, MIN MAX. MIN MAX. MIN. MAX, 
IR Reverse Current 0.1 uA VR=5V 
IR Reverse Current 1 1 1 wA VWR=10V 
Cy Capacitance 35 55 pF VR =OV,f=1MHz 
Capacitance 10 16 6 12 4 8 pF VR = 4v,f=1 MHz 
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CAPACITANCE vs. REVERSE VOLTAGE 
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APPLICATION NOTE 


BIASING OF TRANSISTORS 


ey 


1. BASIC BIASING CIRCUIT 
The biasing of transistor circuits is liable to shifts 


dub to environmental condition changes and the range 
of allowed biasing Is narrower than that of vacuum 
tube circuits. Thus as the biasing of transistor cir- 
cuits is a common and basic problem in various tran- 
sistor applications, This document deals with the 
essential matters related to this biasing. 


1.1 What Biasing Means 

With zero voltage between base and emitter, the 
application of normal collector voltage (positive for 
NPN type and negative for PNP type} induces no 
collector current except a very small amount of 
leakage current. That means that, with zero biasing 
between base and emitter, the transistor works only 
when a certain forward voltage is applied to the base 
and the collector current can flow during half cycle 
of signal as shown in Fig. 1 to result in C-class opera- 
tion. Whereas in vacuum tube circuits, the zero-bias- 
ed circuit works as shown in Fig. 2 and a certain plate 
current flows even without biasing. Normally the A- 
class operation of a vacuum tube circult is provided 
with a negative bias voltage —VG at the control grid. 
This negative biasing ts applied for preventing the grid 
current trom flowing. The value —VG is so determined 
that the plate current flows through the entire cycle 
and the grid voltage never reaches a positive value. 
This is shown in Fig. 3, where the bias voltage —VG 
is located nearly the middle point of |_p-\/g characteris- 
tic curve and the operation center is shifted to the 
negative side by —VG. 

Since no collector current flows in a zero-biased 
transistor, it is necessary to apply ‘a slight forward 
voltage across the base-emitter junction in order ta 
obtain the collector current for a whole cycle of 
input signal. i.e., it is the application of a forward 
bias voltage Vee between the base’ and the emit- 
ter. In transistor circuits, contrasted to its vacuum 


tube counter part, the operation point is shifted 


by Vee until a sufficient amount of collector 
current flows and the input signals are superimpos- 
ed on the bias voltage. Forward bias voltages for 


germanium transistors and silicon transistors are 
0.1 through 0.2 V and 6.6 through 0.7 V, respec- 


tively, as shown in examples in Fig. 4. 











lc-VBE characteristic 


“fy Output 
wavetorm 


Ic Collector current 


e Output 


VBE” Base voltage 





Input waveform 


Fig. 1 Operational Description of 
Transistor at Zero Biasing. 






ln-Vg characteristic 


a Output 
“TO TPT" waveform 


Vo — Grid woltage 


ip — Plate current 








Input waveform 


Fig. 2 Operational Description of 
Vacuum Tube at Zero Biasing. 






! lb— Vq characteristic 


ee TY Qutput 
ie are wWwavetornn 


Bias voltage—Vic 


, (Pp —Piate current 


Fig.3 A-class Operation of Vacuum 
Tube Circuit with a Bias Voltage—VG- 
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0° 02 04 O06 O8 1 
Vpe—Base to Emitter Voltage—V 
Fig.4 Vpe's for a Germanium Transistor 
and for a Silicon Transistor. 


The forward biasing of base-emitter junction 
means the application of base voltage positive to the 
emitter for an NPN transistor and negative to the 
emitter for a PNP transistor, respectively. Fig. 5 
shows an example of NPN transistor, 

since the input resistance of a transistor is 
small, the application of forward bias voltage VBE 
between the base and the emitter makes the base 
current (Ip) flow and the collector current (Ic), 
which is hFE times Ip, flow through the collector 
circuit. Consequently the emitter current (le), 
which is nearly the same as Ic, will flow through 
the emitter circuit. hFE is the common-emitter 
current gain of a transistor. 

Therefore, either of a particular value of VBE, 
Is, Ic, or le may be defined as the transistor bias. 
Usually, collector current (Ic) or emitter current 
(le) is considered to be the typical bias. 

Transistor characteristics are not as drastically 
influenced by collector voltage as by collector current. 
However, voltage VCR between collector and base or 
voltage VcCf between collector and emitter is still 
frequently regarded as one of biasing conditions. 

On most transistor data sheets which describe 
characteristics and specifications, the biasing con- 
ditions are voltage VcR or Vcg and current Ic or 
le. 


1.2 Optimum Bias Point 

The amount of bias voltage or of collector cur- 
rent necessary for operating a transistor depends 
upon the type of transistor operation, as described 
below. 
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(1) For C-class amplification, no special biasing 
circuit is needed in principle. 

(2) For B-class amplification, the transistor should 
be biased up to the rise point of |Ic-VpBE charac- 
teristic curve. 

(3) For A-class amplification, the transistor should 
be forward biased for beyond the rise point of 
Ic-Vpe characteristic curve so that the appro- 
priate amount of collector current flows when 
no input signal is applied. 

These modes are shown in Fig. 6. 

Consider, the A-class small signal amplification 
which is the most basic operation of a transistor. 
The biasing condition may, from the standpoint of 
the maximum gain, be the choice of collector cur- 
rent at which hfe is the maximum, where hfe is 
the common emitter small-signal current gain, How- 
ever, actually restricted by other conditions such as 
heating-up of a transistor, the use in the range of 0.5 
through.3 mA is normal. Conversely, transistor makers 
design their transistors in such a manner that, when 
used as small-signal, A-class amplifier transistors, hfe 
will acheive the maximum value at a collector current 
of a few milliamperes. When high input impedance 
or low noise is desired, sometimes the collector cur- 
rent is made as small as a few tens of microamperes 
at the sacrifice of gain. These transistors having hfe 
of 100 through 200 at the collector current of a few 
tens of microamperes will frequently show hfe of 500 
through 1,000 at a few milliamperes. 

Since transistor characteristics are not largely in- 
fluenced by collector voltage, the voltage is usually 
settled to several volts for the convenience of battery 
or power supply. 

When a fairly large output power is needed as in a 
driver stage, the bias point should be large enough to 
be matched to the output power even in an A-class 
operation, Therefore, in such a case, it is necessary 
to choose a transistor with sufficiently large hfe at 
the bias point and for the signal swing. 


Ic Collector 


Output 
waveform 







ig Qutput 
Sh 


i |! Vege — Base voltage 





Me Input waveform 
+—- Bias voltage Var 


Fig.5  Biasing of NPN Transistor. 
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C-class output 


waveform! | waveform 


lc — Collector current 







V BE ~ Base voltage 


i ! | A-class input waveform 
i 7 


i ® 
| |} B-class input waveform 
I 


C-class input waveform 


Fig.6 Bias Points for Typical Operations. 


In B-class push-pull operation for low-frequency 
and large output, the biasing up to the cutoff point 
of Ic-VgeE characteristics curve is only needed in theory 
and no collector current flow is required when no 
signal is applied, actually, in order to reduce nonlinear 
distortion in small current region, a slight amount of 
collector current is used for the biasing when no signal 
is applied. This current is called no-signal bias current 
or idling current. 

When a particular: transistor and a class of its opera- 
tion is chosen, the appropriate collector current as the 
biasing means depends primarily upon signal level and 
power level and secondly upon the transistor charac- 
teristics. Some transistors need high collector current 
and others need less for their optimum operations. 
The collector current at which a transistor works opti- 
mally has been determined by the transistor maker 
who has designed the transistor to be used at various 
signal and power levels. 

Fig. 7 shows the hfe impact of various transistors 
upon collector current Ic. Transistors of grown junc- 
tion type which ts fairly classic example exhibit a fast 
rise up in the small current region and the maximum 
point can be put at 1 through 2? mA. But they are 





by no means suitable for high current use, Transistors 
of alloy junction and diffusion junction types can be 
designed to put. the maximum point fairly close to 
the desired value by choosing an appropriate electrode 
area. So they can be designed for different uses includ- 
ing small signal, medium power, and high power uses. 
For small signal use, the rapid rise in small current 
range is fully utilized, whereas the decrease of hFE in 
large current region is considered nonessential. For 
high power applications, the small hfe decrease in 
large current region as well as the possibility of. a high 
collector current is essential whereas the slow rise in 
small current region may be forgiven. Therefore, 
transistors for high power use often do not present 
good characteristics in small current region. “The 
larger, the better’ is not necessarily true. Further- 
more, hee of a transistor becomes maximum at a 
certain value of collector current and beyond that 
point it decreases with the increasing collector cur- 
rent. This is the reason why biasing of a transistor at a 
small current tends to result in the increase of distortion, 

In reality, the biasing condition of a transistor 
circuit are often affected by the power supply (i.e. 
the type and number of batteries and the common 
use of a supply with other devices) rather than deter- 
mined at the optimum point of transistor operation. 
In an A-class small signal amplification, the bias current 
of about 1 mA is often used for a transistor whose col- 
lector current at the maximum hfe is as much as a 
few tens of milliamperes. This type of operation is 
used for avoiding too much power consumption and 
unnecessary heating-up due to too high bias point. 
because enough power gain can be obtained at about 
1 mA with this transistor. 
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Fig.7 Depeudencies of Transistor Current 
Amplification Upon Collector Current. 
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1.3 Actual Biasing Circuit and Formula for Biasing 

Fig. 8 shows a typical low frequency amplifier 
with an NPN transistor. Cy is the capacitor for the 
coupling with the preceding stage, C9 is the by-passina 
capacitor of the power supply, and CE is the by- 
passing capacitor of the emitter circuit. The output 
side is transformer-coupled with the following stage 
for impedance matching. The d.c. circuit related ta 
the biasing is as shown in Fig. 9. Although the princi- 
ple of the operation has been described with the sepa- 
rate power sources to collector and base respectively, 
most actual circuits are formed with a single power 
source as shown in the figure. 


B Output 


=— Vee 





Fig.8 Typical Low-Frequency Amplifier. 


This biasing is the most popular system which is 
called current feedback systermn or breeder system. 

Since Ic is hfe times Ip, a biasing circuit which 
feeds Ip equal to Ic/hfE is supposed sufficient to 
make the necessary bias current Ic flow. But, in 
actual transistors, beside 1p, a leakage current ICBO 
-between base and collector and a voltage drop VpE 
between base and emitter should also be taken into 
account as factors affecting Ic. 

Assume transistor parameters hfe for d.c. current 
amplification, VBE for base-emitter voltage, and ICBQ 
for collector cutoff current respectively, and the bias- 
ing collector current Ic is given by 


R92 { Rix Ro\ 
a ee | — ‘ff + (/Re+————]| 
| R] + Ro CC YBET \NE* RLF RD/ CBO 
is = oo eee 


Re * a RINE 

This formula tells that Ic is influenced by transistor 
parameters hfe, VBE, and ICBO when fixed circuit 
elements R7, R2, and RE are used. This formula ts 
based on the assumption that hFE = 1 and interprets 
measured values very well. When this formula is used 
to design a biasing circuit, do not use hfe, VBE, 
and Icpo as described in transistor catalogues, but 
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use their actual values around the biasing point. Either 
of hFE, VBE. or ICBO varies with voltage and current 
and in most cases, the trends of their variations are 
shown by curves in catalogues. Their actual values 
will be estimated from tne curves. For germanium 
transistors, the term Vpe can often be neglected. 
For silicon transistors, the term VpE cannot be neg- 
lected but the term IcBq can be neglected in most 
cases. 

Rj and Ro form a breeder that*can apply base vol- 
tage independent of base current. This is because - 
this circuit is called breeder system. 

To select Ry, R39, and Re for a germanium tran- 
sistor, follow the general rule that, for the sake of 
temperature stability, the smaller Ry and Rg the 
better, and. the larger Re the better. In particular, 
Re has current feedback action and the larger RE 
brings about better temperature stability, the less 
IC variance, and the better stability against dec- 
rease of voltage. On the other hand, as Re increases, 
the voltage droge across RE increases to decrease the 
effective voltage between collector and emitter of 
the transistor. Therefore, RE may not be increased 
too much when the collector current is high or when 
the collector current variation is high (e.g., in B-class 
or C-class operation). 

For silicon transistors, it is desirable for temperature 
stability, that either of R71, R2, and RE is high. 


Breeder current 





Fig.9 D.C. Equivalent Circuit Related to Biasing. 


1.4 Fixed Biasing and Self Biasing 

Fig. 10 shows a biasing system called fixed biasing 
which is a modification of breeder biasing by putting 
R29 = and Re = 0. If the voltage drop Vee between 
base and emitter can be neglected, the biasing resis- 
tance R1 is obtained by 


R,=~ce = Voc * hee 
IB Ic 


It is the most simple biasing circuit and its temperature 
stability is bad. In particular, transistors with large 
ICBO. such as Germanium transistors, are susceptible 
to run-away due to ambient temperature rise or self 
heating. In addition, jn the fixed biasing, Ic varia- 
tion is as wide as hee variation. Thus this biasing 
system can only be applied to small-signal and small 
power circuits where Ic may vary to some limited 
extent and run-away seldom happens. 





Fig. 10 Fixed Biasing Circuit. 


The fixed biasing is superior to the breeder bias- 
ing in stability against voltage drop, i.e. a degree 
of decrease of biasing due to depression of power 
source voltage. There is a general tendency that 
silicon transistors are likely inferior to germanium 
transistors in stability against voltage drop because 
VBE in the former is higher than the latter. In 
order to improve the situation as much as possible, 
sometimes this fixed biasing is used. As described 
above, Ic varies as much as hfe does in the fixed 
biasing. Therefore, it is necessary to classify transis- 
tors by hfe values beforehand in such a manner 
that Ic variation according to hFE variation can be 
tolerated. 

When the collector side has a load resistance (coil 
resistance, im cases of transtormer coupling), the 
bias resistance Ry setting not in power supply cir- 
cuit but in collector circuit as shown in Fig. 11 can 
improve temperature stability and suppress IC varia- 
tion. This is called self biasing. When Ic tends to 
rise for any reason, the voltage drop is increased 
through the load resistance Ri, and Vce is de- 
pressed to decrease Ip and accordingly, Ic increase 
is suppressed, Such an action may be regarded as 
a type of negative feedback through Ry and R_. 
Although the gain in the self biasing is decreased 





because of negative feedback through R,, the self 
biasing is more practical than the fixed biasing. 
Fig. 12 summarizes characteristics of the three biasing 


circuit systems for transistor. 





Fig. 11 Self Biasing Circuit. 
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Biasing Circuit | Formulas for lc and Vce 7 





_ hee(VcE-Vge} | 
ig= es hee” Tego. 






Vcee=Vec—le* At 





(a) Fixed Biasing 






_hee(Vcc—Vpe) + he_e(Ry + RL) Icgo 
c* Rithpe RL 


(b) Self Biasing 





R2 4 Arh 
) Ry+R> VCC ~ VBE TE Bea ICBO 
C= SS i == > = 2 
R gc i 
(Ry+Ro)hee 





) VCE = Vec—lciRy +R, ) 


(c) Current Feedback Biasing 


Characteristics 





ot Simple circuitry 

@ Low power consumption | 

® |nterior temperature stabili- 
ty 

® Large Ic variation 





@ Simple circuitry 

® Low power consumption 

® Temperature stability better 
than (a) 

® Ic variation less than (a) 

@ Low input and output im- 
pedance 

® Low distortion 

® Gain smaller than (a) 


@ Complex circuitry with a 
lot of circuit elements 
e Good temperature stability 
# Small !c variation 
® High power consumption 
@ By-passing C is necessary pa- 
rallel to RE 


® Inferior stability against vol- | 


tage depression unless RE is 


large (particularly for Si tran-| 


sistors) 


Fig. 12 Characteristics of Biasing Circuits. 


1.5 Polarity of Transistor 

The biasing circuits which have been described up to 
this point are d.c. circuits concerned to biasing and 
extracted from actual circuits with NPN transistors 
for the sake of convenience, However, real circuits 
often use PNP and NPN transistors together, and the 
grounding points and bias polarities vary according to 
circuit configuration. This complex feature sometimes 
makes the identification of a biasing circuit difficult 
on circuit diagrams. 

Since the polarity of transistor is, the most elemen- 
tary, characteristic to transistors and is not seen in 
vacuum tube circuits, the description about the pola- 
rity will be given here. 

Biasing of a transistor is done in two ways, namely, 
as shown in Fig. 13, NPN and PNP polarities of tran- 
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sistor 


require biasings which are 


Applicable Circuits 


® Cheap circuits 


e Low voltage and smal! 
current 


® Not so much tempera- 


ture risé expected 


' # Bias variation allowed to 


a considerable extent 

@ Good stability against 
voltage drop required 
(particularly when Si 
transistor is used) 

e Ry adjustable by means 

of hFEe 


Same as above, and, 
@ Low input impedance 
required 


® Distortion to be improv- 


ed 


«Good temperature sta- 
bility required 

@ Small lc variation need- 
ed (i.e., wide range of 
hee value to be allowed) 


@ High input impedance ex- 


pected without Ce 


totally comple- 


mentory. The polarity rules are: the voltage polarity 
shall be determined from a grounded electrode poten- 
tial and the current shall be positive when the current 
flows into a-transistor and negative when it flows out. 
lf referred to NPN types, IE is measured as a negative 
value since |e- flows out of transistor, whereas IE of 
PNP is positive since it flows into transistor. In 
symbols of transistor, the arrow mark at emitter desig- 
nates the direction of emitter current flow. 

The presence of transistors with either of both pola- 
rities is a major difference between transistors and 
vacuum tubes and it allows utilization in circuits, such 
as direct-coupled multistage circuits and push-pull cir- 
cuits that need no phase inversion, that cannot be con- 


ceived with vacuum tubes. 


However, when the polarity distinction is not so ef- 
fectively used, the mixed use of NPN and PNP types 
may cause a demerit because of complicated biasing 
circuits. 

2. TEMPERATURE STABILITY OF BIASING 

Silicon transistors are often considered more stable 
thda germanium transistors at high temperatures. But 
this is not an accurate statement, 

silicon transistors have small IcBO and high maxi- 
mum junction temperature Tj at which they can 
operate properly, and they are certainly stable when 


——————— 
—_-- —. 
























they are subject to life tests at high temperatures or 
at high power levels. But this feature is really true 
only for the transistor itself. In actual circuits, if 
circuit design is improper, the merit of silicon tran- 
sistor may sometimes be ineffective. 

Following the above mentioned basic biasing con- 
cept, descriptions will be given on the temperature 
stability of biasing, the largest problem in the biasing 
circuit design, in typical biasing circuit systems, and 
the cautions to be paid ift biasing circuit design will 
be referred, 
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Fig. 13 Comparison of Biasing According to Transistor Polarities. 


2.1 Temperature Stability of Biasing 
The temperature drift of any transistor characteris- 
tics are unavoidable due to sontruction semiconduc- 
tor material, However, much more variation of tran- 
sistor constants are often expected as the result of 
bias point shift due to temperature variation. There- 
fore, it is important to design biasing circuit in such 
a manner that it suffers from little bias point shift 
with temperature variation. This concept is called 
temperature stability of biasing. 

ICBO increases , VBE decreases, and in general 
NFE 
factor will increase collector current Ic as the bias- 


increases occur with temperature rise. Either 


ing at higher temperatures and will decrease Ic at 


lower temperatures. 


Fig. 14 and 15 show examples of h parameter 


variation due to variation of biasing in a silicon tran- 
sistor. When the biasing is shifted according to the 
temperature variation, input impedance, output im- 
pedance, and gain vary at the same time. 

Since transistor parameters are largely susceptible to 
the biasing change, the bias point shift due to changes 
in environmental or power conditions may lead device 
performance very far from that initially expected when 
the device was designed. Furthermore, in cases of 
large amplitude operation, the bias point set optimum 
at the normal temperature may be shifted upward to 
generate too early, causing top clipping of output 
waveform at higher temperatured or shifted down- 


ward to produce too early bottom clipping at lower 


1087 


temperatures, thus resulting in larger distortion. If 
the shift is too much, thermal run away, might occur 
at higher temperatures and damage the transistor. 





4 0 mA as the 
atandard 





He—Normalized h-parameter 





0.1 0.2 0.5 1 2 5 10 
l¢—Collector Current—mA 


Fig. 14 Example of h-parameter Variation 
with Collector Current Shift. 
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He—Normalized h-parameter 





VceE- Collector to Emitter Voltage—V 
Fig. 15 Example of h-parameter Vareation 
with Collector Voltage. 





Bias point set at the normal 
Tem perature 


Fig. 16 Bias Point Shift Due to apevatke Change 
and Distortions in Output Waveform. 
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2.2 Quantitative Analysis of Temperature Stability 
Take collector current Ic as the transistor biasing. 
Assume that dic is the variation of Ic . It can be 


said that 





ah [alc \ fale 
3 di| + dVear ti dhec 
dicgo] “CBO laVee) BE \ahre Ghee (1) 


This formula tells us the variation of I¢ when ICBO, 
VBE, and he€ are varied by qICBO. dVp_E,and dhee, 
respectively, for some reason. & 

The terms in paraentheses of the formula are stability . 
coefficients for ICBO, VBE, and hFE respectively and 
they are defined as follows. 





alc \ as = 
Ss, +— , stability coefficient forlcRoa, (2) 
| a) — 


9 em 
S2 = feat , stability coefficient for Vge, 9) 


al a = 
$3 = C , stability coefficient forhFe. (4) 
oNFE 


Assuming that the major factor that affects biasing 
is temperature, we can describe dic due to temperature 
variation dt as 

<c . 5; SCBO + $9 VBE 4 gq FE (5) 
dt dt dt dt 

The rate of IcBo variation Icgo/dt, the rate of 
Vee variation dVpe/dt, or the rate of hFE variation 
dhfe/dt according to temperature change is depen- 
dent on the transistor used. Therefore, for the tran- 
sistor determined for the use, the minimization of 
dic/dt, the rate of Ic change due to temperature, 
will be reduced to the design of a biasing circuit 
that makes the three stability coefficients $1, S2_ 
and $3 as small! as possible. 

The stability coefficients S;, S2, and S3 are cal- 
culated, in accordance with the respective definitions 

2), (3), and (4), by partially differentiating the for- 
mula that gives Ic with ICBO, VBE, and hfe, r 
pectively. 

The bias current Ic for the most popular biasing 
circuit of current feedback system as shown in Fig. 17 


can be obtained by the formula 





: Ry x Ra 
(R7 + Rojhee 


The stability coefficients are derived from this formula 








as follows. 
~ At Ri x Ro 
Sapam Ry+ Ro (73 
ICBO Rey — __ Ry xR2 | 
(Ry + Rohee 
S ale a -~] 
m2 aVeer Re + Ryx Ro (8) 
, (Ry + Rojhee 
ee: | 
7 R ; (9) 
ss eed oe ie 
R 4 + Ro 
al Silir — | } 
S3=—&- = epi ~ I CBOr (10) 


ohFE NEE 


What is understood at a glance at the formulas is 
that minimizations of $1, S9, and S3 are reduced to 
the minimization of $1. Further detailed inspections 
result in Table 7. 

Thus the stability of biasing circuit is known by 
knowing three stability coefficients $1, 52, and S3_ 
However, IcBO, VBE, and hfe, the causes which af- 
fect biasing, do not vary in the same manner. In germa- 
nium transistors with large IcpBo, the influence ct 
ICBO predominates over those of Vee and hfe, 
and the reduction of S7 is emphasized in biasing 
circuit design. This is why, in germanium transis- 
tor circuit, the ratio of Ic variation to ICBO vari- 
ation, dic/dicpo, or Sy above described, is called 
temperature stability factor of biasing, and denoted 
by a symbol S. In silicon transistors for small signal, 
ICBO is mostly so small that it can be neglected, 
and Vee normally predominates over ICBO as the 
cause to change biasing condition. 


Table 1 Influence of Circuif Constant 
on 1 Stability Coefficients 











To reduce 











The smaller | The larger The smaller 
Sq the better | the better the better 
ee reduce. The larger | The ener | The smaller 
39 the better | the better the better 
To reduce The smaller | The larger | The larger 
53 the better | the better | the better 




















Fig. 17 Biasing Circuit of Current Feedback System. 
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Temperature Stability of Germanium Transistor 
Biasing 

ICBO of germanium transistors are usually a few 
microamperes, whereas Vpe is 0.1 — 0.2 V. So, if 
a voltage drop across RE can be made sufficiently 
larger than Vpe, the effect of Vpe's temperature 
dependency can be neglected and only the IcBQ’s 
temperature dependency is left for the circuit design 
consideration. Thus, the smaller the value of the 
stability factor S, the term given by S71 = dlc/dlcRBo. 
the more stable is the biasing against temperature 
chanae. 

When S is obtained from Equation (7) above, the 
variation Alc of collector current Ic due to variation 
Alcpo of IcBo is calculated with the following for- 
mula. 


Alc =S:Alcgo (11) 


Although the variation of ICBO with temperature 
cannot be avoided as tar as transistors are concerned 
due to contruction, the biasing circuit design can 
contribute to reduce the effect of inevitable change 
of ICBO on bias current 1c as much as possible. How 
far this reduction will be is expressed by the valtie 
of S. The most stable state corresponds to S = 1, 
when the Ic variation is caused only by ICBO vart- 
ation. 

S depends on biasing resistances Rj, Rg, and RE as 
well as on transistor hfe. Fig. 18 shows curves for 
immediate estimation of S value with the biasing 
resistances and the transistor hfe through the for- 
mulas below obtained by the madification of Equation 
(7) for S, 
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where 


a ye A 
Re(R7 +R9) 


When the biasing resistances are kept constant (that 
is, for constant X), S is the larger for the larger hFe, 
therefore the temperature stability is worse. That 
means that, from the viewpoint of temperature stabili- 
ty of biasing, a transistor with the larger hfe is not 
necessarily the better one. 

By using Equation (11), the variation Alc of the 
biasing collector current in the biasing circuit for a ger- 
manium transistor can be calculated from the known 
variation Alcpo of |cBo and the stability factor S, or 
$1, obtained from the biasing circuit constants. |CBO of 
a transistor largely depends on the temperature, and it is 
doubled for a temperature rise of 8 to 10 °C. The prob- 
lem is the desian of a biasing circuit with $ that limits 
Alc within a tolerable bias shift range when the temper- 
ature rise is estimated as the sum of environmental tem- 
perature variation and temperature rise due to collector 
input power (a product of collector voltage and collec- 
tor current) and then the variation Alcpo of ICBO is 
estimated with the expected temperature rise. Since 
the emitter circuit resistance Re affects S greatly, 
the use of as large RE as possible results in a biasing 
circuit with a small S and a good temperature sta- 
bility when the power supply voltage has a good mar- 
gin and the collector current is not so high. If, like in 
fixed biasing, a single biasing resistance is used in base 
circuit and Re =Q and R92 =, the relationship 

ST=hFE 
holds and the variation of IcpBoQ its amplified hfe 
times to influence on collector current Ic. 


30] 






25 


20 


S—Stability factor 


e)60OUm5C~<C<CS*z Tti‘<‘ HCC 
R1yXRo 
*" Re (Ry +R9) 
Fig. 18 Relationship of S to Biasing 
Resistances and hfe. 
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IcBo—Collector cutoff current—pA 


0.001- 





0.0001L. —s , 

-25 0 25 50 75 100 125 150 
T;—Junction temperature—C 

Fig. 19 Example of IcBQ’s Temperature 


Dependency. 


2.3 Example of Temperature Stability in Actual 
Biasing Circuit 

Fig. 20 shows an example of CR coupled low fre- 
quency amplifier using a germanium transistor 2SB326. 
The circuit is set to Vcc of 12 V and Ic of 2.8 mA 
as shown in the operation diagram of Fig. 21. Using 
hFel= Ic/lp) value of 56 (which is different from 
the value shown in catalogues because of the dif- 
ference in measuring conditions) and circuit constants 
R71 =8 k&l, Ro = 4 kQ, and RE = 1.4 kQ in the bias- 
ing circuit, Equation (7) gives S71 as follows. 





Bkl2x 4kQ2 
1.4k2 4+ —— 
Bkil+4kN 
$1 =" ere ee Fe 
BkOQ x4kN 
1.4kQ+ — 


(8@kN+4ko)x56 


According to catalogues, 2SB326 is supposed to have 
ICBO at 25 °C of 10 pA max. This will make Alcgo 
of about 80 pA across the temperature range of 25 
+ 30°C for the circuit, and the maximum variation 
Alc of collector current Ic will be 2.8 x 80 pA = 
224 pA, namely, 

For a fixed biasing circuit as shown in Fig, 22, 


% variation in lc. 


with the same transistor 256326 and Ic of 2.8 mA, 
$1 =hee = 56, 

and Alc becomes as large as 56 x 80 wA = 4.48 mA 

which is too far from the design of Ic = 2.8 pA at 

yaa OF 





258326 


Input 


Fig. 20 CR Coupled Low Frequency Amplifier with a 
Germanium Transistor 25B326 
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Fig. 21 Bias Point Setting and Operation Diagram on 
lc—Vce Characteristics. 


2SB326 





Fig, 22 Circuit with Fixed Biasing. 


2.4 Thermal Runaway (Runaway) 

The biasing IC in a transistor circuit is increased 
with the temperature rise, and this lc increase neces- 
sarily makes the d.c. input power to the transistor 
larger. This power increase again raises the temperature 
Tj at the collector junction of the transistor. In some 
biasing circuit configurations, triggered by Ic increase 
due to the rise of environmental temperature or 
due to some other reasons, the collector current 
may be increased cyclically without limit as shown 


in Fig. 23 and finally resulting in the breakdown of 





the transistor, This is called thermal runaway, or 
runaway, and this phenomenon should be the most 
carefully considered when designing biasing of tran- 
sistor circuits that handle large power. 


Rise of environmental 
temperature (T,) 


Rise of punction temperature 


Heat partly 


dissipated po 


fi 


Increase of colledtor 
power (Pc} 


Increase of Ir go and 
decrease of va 


Increase of 
collector 
Current WA 


Fig. 23 Causes of Thermal Runaway. 


The possibility of thermal runaway depends on 
the -temperature rise due to transistor input power 
(or also called heat resistance) and of the inverse of 
input power increase due to temperature rise if larger 
than the other. From the stand point of biasing cir- 
cuit design, it is necessary to suppress as much as 
possible the rate of input power increase to the tran- 
sistor due to temperature rise for preventing thermal 
runaway. For this purpose, it is essential to make S 
small. 

Since, In germanium transistors, |CBO Is increased 
with temperature rise, Ic is also increased to result 
in thermal runaway. In silicon transistors, the tem- 
perature rise causes VRE depression and consequently 
Ic is increased also to thermal runaway. Therefore, in 
order to prevent the thermal runaway, it is necessary 
to design circuit so as to obtain small $1 for germa- 
nium transistors and small $9 for silicon transistors, 


respectively . 


2.5 Temperature Stability of Silicon Transistor 
Biasing 

In the most rigorous sense, the temperature stabili- 
ty of a transistor biasing circuit should be considered 
with regard to all temperature dependent effects of 
ICBO, VBE. and hfe. However, this makes the analy- 
sis very complicated. Therefore, like in germanium 
transistors where only ICBO is taken into account and 
other factors are neglected, the temperature stability 
of silicon transistor biasing will be considered only 
with the most effective factor whereas other factors 


are neglected. 
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Although some silicon transistors for power use 
have ICBO as low as a few nanoamperes, through a 
few microamperes, the small signal transistors that 
require biasing are generally provided with very small 
IcBO of a few nanoamperes.and it seems that the 
term of ICBO can be neglected in biasing circuit 
design. 


Be aware. that d.c, base voltage Vpe of silicon tran- 


lc—Collector current —-mA 


sistor is about 0.6 or 0.7 V and three times as large as 





that of germanium transistor. Therefore VBE cannot eo Ge a eee ee 
VpeE—Base to Emitter Voltage—V 
Fig. 24 Example of Temperature Dependency of 
Ic—VpeE Characteristics. (25C943) 


be neglected unlike in the biasing circuit design for 
germanium transistors. The temperature dependency 
of Ic-VBE characteristics is almost a parallel shifting as 
shown in Fig. 24 and its rate of shift is about —2 mV 





Os 
per 1 C., 
— _ 400 
Because the Ilc-Vpef characteristic curves have very = 
steep rise and they are shifted with the variation of ~ 
— — 5 
temperature, the temperature variation affects biasing eS 
and sometimes thermal runaway results according to ie \ 
operating conditions. zi 
ose LU 20+ 
The variation of hFE with temperature is about 0.1 on 


ee, Sb : Bs ot ee ae se ‘ OL pial i wel i 4 aL = 
— 1 % das shown in Fig. 25 and it 1s rather gross to 01 O2 0406 1 7 46 10 70 4060100 200 


lc—Collector Current—mA 
Fig. 25 Example of Temperature Dependency of hfe. 
(25C943) 


neglect the effect of hFF variation. But let us take 
VBE which is the most effective to temperature sta- 
bility of biasing as the sole parameter in order to simp- 


lity calculations. 2.6 Example of Temperature Stability in Actual 
When the variation of Ic with VBE variation which Biasing Circuit 
is S2 = OIc/OVBE is taken as the measure demonstrat- Pia. 26 shows an exaninlé-at S biesina Gircult te 
ing the temperature stability of silicon transistor, the ap ehiconansision: The Tide een Dhl erode 
veretiGn Alc of collector current tor a variation AVBE circuit directly related to the biasing. The transistor 
Gt Mab le eainilaes as used, is 25C943 and its hFE at Ic = 1 MA is approxi- 











Aic = So’ AVee (13) mately 9O by catalogue. When the biasing current is 
° designed for Ic of about 1 mA, R71 = 6.8 kQ, Ro = 
Or, for a ternperature variation AT, 4.7 kQ,and Re =3kQ. 
Alc a The stability coefficient S? of this biasing circuit 
=. ¥ = | . A. ok e 7 - pi i fl 
AT S28 (14) against VBE variation is calculated as 
nere { ‘AT is the | 7 a a de- —] . oo a 
where SveEiel is the rate of VpF temperature de ye ee = 933x107 A/V 
pendency, 6, which is about —2 mV/°C for silicor Boy ic et BO 
eetee aes (6.8 kQ + 4.7 kQ)x90 


This means that, if Vee is shifted by 1 mV, Ic varies 
by —0.33 pA. If the temperature range is considered 
25 + 30 °C, or if AT is within 60 °C, AVege of —120 
mV results. with 6 of —2 mV/°C, and 

Alc = —0.33 x 107? x (—120 x 107%) = 39.6 pA, 
namely, the variation Alc is about 4 % of Ic. 
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3. VOLTAGE DROP CHARACTERISTICS AND 
CHARACTERISTIC DISTRIBUTION 


Continuing with the descriptions on the tempera- 
ture stability, which is the most important factor in 
the formula for biasing and in biasing circuit design, 
descriptions are given on the voltage drop characteris- 
tics and the characteristic distribution which is the 


next problem to be solved in biasing circuit design. 


3.1 Voltage Drop Characteristic of Biasing 

Devices with battery power source should be so 
designed that their characteristics do not vary too 
much according to the drop of source voltage. When 
the source voltage falls, the collector voltage as a 
biasing also falls and, if the biasing circuit constants 
(biasing resistances) are fixed, the collector current 
also decreases accordingly. Since the change in tran- 
sistor characteristics with the depression of collector 
voltage is rather slight, the change in characteristics 
with the drop of source voltage is chiefly due to the 
decrease of collector current. The rate of collector 
current variation in biasing circuit of transistor is 
usually larger than the rate of source voltage var'- 
ation if no special measure is taken such as the use of 
non-linear elements in the biasing circuit. The aspect 
of this variation is as shown in Fig. 27, and when the 
biasing resistances are linear (that is, when neither 
thermister nor varistor is used), the rate of collector 
current decrease is necessarily greater than the rate 
of source voltage drop. It is necessary in biasing cir- 
cult design to reduce the rate of collector current 
decrease to the rate of source voltage depression as 
far as possible and to make the ratio as close to 1: 1 
as possible. This is called voltage depression charac- 
teristic of biasing. 





Fig. 26 Biasing Circuit of Current Feedback System 
with Silicon Transistor 2SC943. 





[or ee eo ee 


Initial bias 
point 





Ic—Collector Current 


Vec—Source Voltage 


Fig. 27 The ratio of Colfector Current Variation to 
Source Voltage Variation. 


Breeder current 





Fig. 28 Biasing Current of Breeder System. 


Fig. 28 shows the biasing circuit of a breeder sys- 
tem. The formula for the collector current is before- 
mentioned Eq. (6). Let us consider how the depression 
of source voltage affects the collector current Ic. It is 
understood that, the larger is Ra x Vcc/(R1 + Ra) 
compared with Vp_, the less is the effect. When Ro x 
Vcec/(R1 + Ro) Vee and VB_E can be neglected, the 
rate of collector current variation ought to be nearly 
the same as the rate of variation of source voltage Vcc. 
Let us explain it in mathematical formulas. 
Differentiate Eq. (6), the formula for Ic, with Vcc. 








R2 
we, 2 Mis BP... ae 
dVec Fe a 2 | 
(Ay +Rolhee 


Then divide by Ic, or by Eq. (6), and modify the ex- 
pression to obtain 


dic . aVcc 1 
ic * ‘¥ee 


(BE, Mae RD 416) 
VEE R2 





This equation tells us that the variation rate of Ic is 
larger than that of Vcc, and if the condition R92 x 
Vec/(R1 + Ro) & Vee is satisfied, dlc/lc approaches 
to dVcc/Vcc asymptotically. Generally Vpe of sili- 
con transistor is too large to be neglected and this fact 
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is the inherent cause of voltage drop characteristics sega ges A 

of silicon transistor which is worse than those of - a i Sine a es mA 
germanium transistor. The selection of large Raf | 
(Rj + Rg) for improving the voltage depression cha- 
racteristics implies the setting of emitter point at 
a high voltage in a biasing circuit of breeder system. 
This corresponds to the use of large RE and leads to a 
conclusion that a biasing current with good tempera- 


ture stability is also good in voltage depression chara- 


lc—Collector Current—mA 


cteristics. 





2 d 6 Hat 10 12 
Vec—Source Voltage —V 
3.2 Voltage Drop Characteristics in Actual Biasing 


Circuits 
Fig. 29 shows the comparison of voltage drop cha- 


Fig. 30 Voltage Depression Characteristics 
for Various Values of Re 


racteristics of a germanium transistor and of a silicon 
transistor in the same biasing circuit. The collector 
current is first set to 1 mA at the initial voltage of 
12 V. \t decreases with the source voltage drop as 
shown in the figure. The germanium transistor is 
25B226 and the silicon transistor is 2SC943. Other 
transistors will also give the similar results. 

Due to large Vpe, the voltage drop characteristics 


of silicon transistor are inferior to those of germa- 


I¢—Collector Current—mA 


nium transistor. This disadvantage is partly compen- 





sated by using a large emitter resistance RE as shown 4 6 a 

. . ale ‘ . V = = 

in Fig. 30, These are examples of biasing circuit accord- Co—souree Valtage—v 

Fig. 31 Comporison of Voltage Depression 
Characteristics for Breeder Biasing 


and Fixed Biasing Systems. 


ing to the breeder system which is the most popular 
type. 


Examine the fixed biasing system that means R92 = 
eo as another method for improving the voltage drop 
characteristics. Fig, 31 shows an example. It is evident 
that the fixed biasing system is better in the voltage 
drop characteristics. The reason is interpreted as 
follows. The voltage drop characteristics are dependent 
on the relationship between the voltage supplying base 
current and Vee of transistor. The base side voltage 


Ic—Collector Current—~mA 


in the breeder system is given by dividing source vol- 





tage by Ry and Ra whereas the counterpart in the 


Vcec—Source Voltage—V 


fixed biasing system is connected to source voltage 

Fig. 29 Comparison of Voltage Depression 
Characteristics of a Silicon Transistor 
and a Germanium Transistor. 


Vcc itself. Thus, the fixed biasing system is a method 
for improving the voltage drop characteristics when 
Re cannot be taken so large because of low source 
voltage. Instead, the collector current variation in 
the fixed biasing system is higher than in the breeder 
system, Therefore, it is necessary to take a measure 
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such as cut-and-try trimming of biasing resistance Ry 
in accordance with the transistor characteristics or 
combination of transistor grouped according to hfe 
and grouped Ry which is appropriate to the hfe value. 


3.3 Biasing Circuit with Varistor Diode 

Biasing circuit according to the breeder system is 
adyvgntageous in voltage drop characteristics and dis- 
advantageous in collector current variation distri- 
bution and fixed biasing circuit or vice versa. The 
biasing circuit which seems to solve both problems 
at one time is the one with a varistor diode. Fig. 32 
shows its basic circuit. Its collector current is given 
below when the effect of ICgq is neglected. 


. YF - VBE 


| 
GC Re 


(17) 


where VF is the forward voltage of the varistor. 
Usually, -a varistor diode is inherently a common 
semiconductor diode as shown in Fig. 33. Therefore 
most semiconductor diodes not bearing the name of 
varistor can be used as varistors. The substantial cha- 
racteristics of varistor are forward voltage and its 
temperature coefficient. The nature of almost con- 
stant forward voltage VF over a wide range of for- 
ward current IF is utilized. The biasing by a varistor 
is based on an idea that a forward current |f which 
is sufficiently higher than the transistor base current 
IB flows through the varistor diode in order to keep 
nearly constant Ve as the voltage source to base 
against the decrease of varistor current IF due to the 
source voltage drop. In a breeder type biasing cir- 
cult, the decrease of the voltage across R2 which ts 
nearly proportionate to the source voltage drop makes. 
the collector current decrease more markedly than 
the source voltage drop if Vee of transistor cannot 
be neglected. The process is explained below using 
Fig. 34. Take an example of initial Ic value of 1 mA 
and Re of 1 k&2. Since the voltage a between emitter 
and ground is Re x lp = 1 kQQ x 1 mA = 1 V, the 
breeder resistance is previously so set that the voltage 
b between base and ground is 1.6 V, the sum of VBE = 
0.6 V of the transistor and the voltage a. This situa- 
tion is demonstrated by the straight line drawn from 
the point of 1.6 V with a slope corresponding to RE = 
1 k& crossing the Ic-VpBE curve of transistor at the 


point where Ic = 1 mA, When the power supply vol- 
tage is depressed to half the initial value, the breeder 
current is also .proportionately decreased to nearly 
half and the voltage between the base and the ground 
of the transistor, that is, voltage b across R9, is also 
halved to 0.8 V. Since the value of Re remains the 
same, the cross point of the straight line drawn from 
the point of 0.8 V with the slope of 1 k{2 and the 
Ic-VBE curve of the transistor determines Ic for 
the halved power source “voltage. This is estimated 
about 0.2 mA from the figure and it is much smaller 
than half the initial value of 1 mA. 






xD 


Varistor 


|—-—Forward Current—mA 





Ot i AL. 
0 0.2 0.4 0.6 0.8 1.0 
Ve—Forward Voltage—V 


Fig. 33 Characteristics of a Varistor Diode. 
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Fig. 34 Graphic Interpretation of lc Decrease When 
Vcc is decrease to 4 
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Whereas, if a varistor diode is used instead of R92, 
the voltage Ve across the varistor diode is kept almost 
unchanged even when the breeder current, or the for- 
ward current |e of the varistor diode is decreased to 
half, and the collector currefit is kept almost cons- 
tant. Fig. 35 shows this performance. Actually the 
voltage Ve across the varistor terminals are more or 
less decredsed with the decrease of the forward cur- 
rent and a slight decrease of transistor collector cur- 
rent results from the source voltage drop. Nevertheless, 
the degree of decrease in this system is much less than 
that in the breeder system biasing. 

The temperature stability in the varistor diode bias- 
ing system is given by 

S9= mall (18) 
Re 

This formula tells that, in the varistor diode biasing 
system, thé larger the Re, the better thermal stability 
is expected. Since VF of one varistor diode is about 
0.6 V even for silicon diodes and the use of large 
Re leads to the large voltage at point b which is the 
sum of transistor’s Vpe and voltage depression across 
Re, the series connection of several varistor diodes is 
necessary for obtaining the required voltage. There- 
fore, when the maximum number of varistors is limit- 
ed to, two or so from an economical point of view, the 
value of Re should range from a few hundreds ohms 
to 1 kQ2 and the temperature characteristics of this 
biasing system is generally worse than those of breeder 
system biasing or of fixed biasing. 


3.4 Collector Current Scattering Distribution 

Although various parameter values are listed on 
transistor catalogues, the value which is measured with 
one transistor is not necessarily consistent with the 
catalogued standard value (or average value), Exami- 
nations of many transistors reveals that the transistor 
characteristics are always distributed araund the ca- 
talogue standard value with some scattering. This is 
called the scattering of characteristics, When those 
transistors are used with some identical biasing cir- 
cuit, the biasing collector currents vary from one to 
another and the scattering is generated. 

Among parameters Icpo., VBE, and hrFE that 
affect the biasing collector current Ic, the scat- 
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tering of Vee for silicon diffused type transistors 
is generally very small and the effect of HFEF scat- 
tering is the sole factor affecting the scattering of 
collector current Ic. In the biasing circuits of a con- 
ventional breeder system, the numerators in Eq. (6) 
for Ic are supposed to be constants and the denomi- 
nator dominates the Ic scattering. This leads to the 
conclusion that, the larger is Re relative to Ri x 


Ra/(R4 + Ra)hFeE, the smaller is the Ic scattering. 


& 


Point of initial setting 1 m4 


lc- Collector Current—mA 





9 4 6 8 10 3 
Vec—Source Voltage—V 
Fig. 35 Voltage Depression Characteristics of Biasing 
Circuits with Varistor Diode. 


Ic—Collector Current—mA 





os 100 150 200 
he e—DC Current Gain (Vee=6 V, lc=t mA) 


Fig. 36 Examples of Collector Current Scattering in 
Actual Circuits,. 


The mathematical examination of hee’s effect on 
Ic can be carried out by differentiating Eq. (6) with 
hee to obtain dic/dhfE which is $3 and then modi- 
fying dic/dhFfE to express dic/Ic in terms of dhFEe/ 
hee. This process is considerably complicated. Only 
the result is described as 


= 


OC 4 SRE, ¢2te 


(19) 
IC hFE NFE 


This equation tells that a larger reduction of Ic 
scattering is achieved by the selection of the larger 
Re for the circuit constant and of the larger he¢ for 
the transistor. 

The hfe values of transistors as produced are 
scattered from the minimum to the maximum which 
is ten times larger. 

This scattering as it is will render the use of tran- 
sistors difficult because of too great of scattering. 
Therefore, the classification of the transistors accor- 
ding to their hfe values are performed. This is call- 
ed ranking. The ranking was not published on cata- 
logues and only disclosed in sales contracts between 
semiconductor makers and the large OEM users. But, 
recently, the ranking is often published in catalogues 
or in data books, where the hfe ranks are usually re- 
ferred to in such a manner that the maximum value 
is double the minimum value in each rank, for ex- 
ample, 30-60, 50-100, 80—160, 125-250, and 
200-300. This equal ratio ranking is more rational 
than equal difference ranking as far as the hfFE ef- 
fects on biasing and on amplifier characteristics are 
concerned. However, when the scattering of bias- 
ing is considered as the primary concern, a hfe 
ratio wider than double can be allowed for larger 
hee. 

The examples of actual effects of R71, R9, and 
Re which are the constants of biasing circuit on the 
collector current scattering are shown in Fig. 36. 
Circuit A is a fixed biasing circuit and Circuit B 
is a breeder system biasing circuit and the both are 
designed to have collector current of about 7 mA 
at hee value of about 100. The transistor used is 
25C943 and measurements are taken over all hFE 
ranks. The mark X represents circuit A and the mark © 
circuit B, respectively. The data evidently demonstrate 
that the use of the breeder system and large RE will 
reduce temperature stability coefficient S1 of biasing 
and leads to very small scattering of collector current. 
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APPLICATION NOTE 


HIGH FREQUENCY SMALL SIGNAL CIRCUIT DESIGN 


1. GENERAL DESCRIPTION 

In the casé of high frequency, small signal circuits, 
unlike low frequency circuits, the small capacities of ele- 
ments and component parts have influénce upon circuit 
operation, and their characteristics depend entirely upon 
the grounding point of a printed circuit substrate. There- 
fore, it applies to general high frequency circuits that the 
circuit obtained by computation remarkably vary ac- 
cording to the conditions of its mounting. 

Hence, it is not too much to say that whether or not 
the circuit normally operates depends upon how It is 
corrected on the experimental stages after mounting. 
The point is that the work of “‘cut and try” is essential. 
However, it should persistently be insisted that the 


fundamental theory described in the following is the 
basis, and the procedure of correction at the time of 
mounting is indispensable. 


2. HIGH FREQUENCY CIRCUIT AND TYPES 

OF TRANSISTORS 

The characteristics of high frequency small signal 
transistors and FFT’s are listed in Table 1. As is clear 
from this table, MOS FFT is advantageous from a char- 
acteristical point of view, though transistors are favor- 
able as to the cost and electrostatic breakdown. 

The cascode FET shown in the table is a junction 
type FET, which was contrived as an FET provided with 
the same characteristics as those of MOS FET. 


Table 1 Elements for high Frequency Small Signal 






Bipolar transistor | 


a 


Type | Characteristics 


Endurable against electrostatic 
| breakdown and low in the cost 
though inferior to FET in stabili- 
| ty, cross modulation and spurious 
| characteristic. 


| Junction type Low in stability though  inter- 


Amplification and Their Characteristics 













single gate FET 





| Junction type | 
cascode FET | 


I 
i 


MOS type FET 
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breakdown. 


mediate between MOS FET and 
bipolar transistor as to gain, noise, 






cross modulation, spurious char- 






acteristic, breaking strength and 






cost 





The cost is same as that of single 
gate FET, the characteristics are 
similar to those of MOS FET, and 
the breaking strength Is equivalent 
to that of single gate FET. 






The high frequency characteristics 






are superior to those of other ele- 






ments, though it has the defects 
that the cost is high and that it is 
not endurable against electrostatic 








SLON NOILVOMIddV 


TIVNS ADONSNOSYS HDIH 
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3. EXAMPLE OF TRANSISTOR HIGH FRE- 

QUENCY AMPLIFYING CIRCUIT DESIGN 

In this section, the design of a high frequency ampli- 
fying circuit by general bipolar transistors is described. 
In the case of the trarsistors for high frequency (above 
the FM band), the y-parameter is described in the cata- 
logue. 

his is because the parameter of the transistor at high 
frequency is a complex volume, because the transistor is 
regarded as a 4-terminal circuit network for it ts diffecult 
to analyze the transistor at high frequency by means of 
an equivalent circuit so that circuit indication can be 
made only by the electric characteristics viewed from 
the outside regardless of the physical phenomena on the 
inside, and so on. 

In this section, it is described how to obtain the stan- 
dards of the characteristics of a certain device used ina 
high frequency circuit. 


3.1. Indicating Method of y-parameter 
The y-parameter refers to an element equivalently in- 
dicated by parallel admittance, as shown in Fig. 1. 


vatly)) vay ly¢) 












¥ialyr) ¥22(Yo) 





¥12 V2 v21 V4 
y (yj) .... input admittance 
y (yr).... reverse transadmittance 
y  (y¢).... foward transadmittance 
y (Y¥o).... Output admittance 


Fig. 1 Element Equivalent Circuit of y-parameter 


In the case of the actual catalogue, i, f, r and o are 
followed by a grounding symbol: e for emitter ground- 
ing as Vie, Yfe. Yres Yoe: b for base grounding as yjp, Yfp. 
Yrb. Yob- 

Moreover, since the y-parameter is a complex volume, 
it is indicated by either of the following methods: 

1) The method of indication by an absolute value and a 
phase angle 

Me ee ae y=|yIZ¢@. 

2?) The method of indication by areal number part (con- 
ductance) and an imaginary number part (Suscept- 
ance) 


3) The method of indication as a capacity by dividing 
the imaginary number part described in Item 2) by an 
angle frequency 
Spee ee a ee Y = g + jwc (Indicated as a negative capa- 
city in the case of an inductive circuit) 

Generally, Item 2) is often employed by a graphical 
manner. 


3.2 Design of High Frequency Amplifying Circuit 

Then, we will show an example of actual RF ampli- 
fier design in the following, citing an instance of 2SC 
1674 for FM RF amplifier. 

At first, it is necessary to know not only the char- 
acteristics of the RF amplifier using 2SC1674 under the 
aimed frequency and bias conditions but also the circuit 
for obtaining those characteristics. 

When an RF amplifier in a completely one-way state 
is assumed, disregarding the feedback component of ele- 
ments, MAG (Maximum Available Gain) is represented 
by the following equation (for gs = gj and gg = GL): 


a 
|< 
1 





MAG = “4 
Agigo 


rr | 


On the other hand, the power gain in an unmatched 
state is represented by the following equation: 


G. . __4lvel? gs9b 
(gj + ds)2(dg + GL)2 
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From Eq. 1, the following maximum available power 


gi... Input conductance of element gain of 25C1674 is derived: 

do... Output conductance of element ; P 

Gs... Signal source conductance Gpe(max) SE ca ae 2915 
4gidq Ax] .2x0.07 

gi... Load conductance 


When the y-parameters of 2SC1674 are read out of 
Fig. 2 in order to Know the standards of the characteri- 
stics in the case where 2SC1674 is used as an RF ampli- 
fier by means of the above equation, Table ? will be 
given. 


INPUT ADMITTANCE 
vs. FREQUENCY 


Vce76.0 V 
} Ic=1.0 mA 
input short 


=Sss 
+4 


die — Input Conductance — mS 
big — Input Susceptance — mS 





Ore — Reverse Transfer Conductance — mS 
bre — Reverse Transfer Susceptance — mS 


10 #20 #©=8§0 ©100 200 
f — Frequency — MHz 


FORWARD TRANSFER ADMITTANCE 
vs. FREQUENCY 
———— Vce=6.0 Vv 
Ht —F 1c=1.0 ma 


TTT Ih output short 


D¢.— Forward Transfer Conductance — mS 
bre — Forward Transfer Susceptance — mS 





10 20 50 100 200 
f — Frequency — MHz 





doe — Output Conductance — mS 
Boe — Output Susceptance — mS 


(= 34.6 dB) 


REVERSE TRANSFER ADMITTANCE 
vs. FREQUENCY 


——— 


Vce=6.0V | 
ic=1.0mA | 
input short 


“10 20 £450 100 200 


*f — Frequency — MHz 


OUTPUT ADMITTANCE 

vs. FREQUENCY 
———— VcE=6.0 vy — 
tT) Ic=1.0 mA 

| input shart | 


bet a 





0 he 
10 20 50 86.100 =200 
i -- Frequency — MHz 


Fig. 2 y-parameter of 2SC1674 


Table 2. y-parameter of 2SC1674 






*y=l|yIZL¢ 


i Vfe |4 Ofe Vre lL ¢re | 
re 76.5 31.3 16.7 |0.46 








Tyoe |4 doe 
—95.0|0.85 85.3 | 





Test Conditions: VcEe=6 V, |lc=1 mA, f=100 MHz 
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In actual circuits, however, it is necessary to make mis- 
matching between the signal source of the circuit, the 
load conductance and the input/output conduactance of 
elements in order to minimize the required band width, 
stability and NF. 

Therefore, it is impossible from a practical point of 
view to obtain the maximum available power gain of ele- 
ments. . 

When 25C1674 is used as an RF amplifier, in the 
second place, the characteristics as a circuit are as fol- 
lows: 

Although it is preferable in essence to provide a tun- 
ing circuit in_input/output in order to better the char- 
acteristics as a circuit, tuning is often made only on the 
output side in general cases. Accordingly, the tuning sys- 
tem is mostly determined. 

Fig. 3 is the circuit diagram of an RF amplifier using 
25C1674, and the condition is that Vcc = 6 V, Ic = 1 
mA, f = 100 MHz and it is a circuit of emitter grounding 
and output tuning type. 

The constants of Cj and C9 in Fig. 3 are variable on 
the experimental stages, and they are finally made con- 
centrated constants, selecting a state in which the syn- 
thetic characteristics as a circuit is good. 

(Normally, the minimum point of NF is found out, 
and it is replaced with a concentrated constant.) 

As clear from the above description, it is necessary in 
designing a high frequency circuit not to design a circuit 
by computation but to confirm the basis of experimen- 
tally obtained characteristics by computation. 

Upon the consideration of this, it is computed as fol- 
lows, how far the power gain can be obtained by the cir- 
cuit shown in Fig. 3: 

At first, the signal source conductance and the load 
conductance of the circuit are obtained. 


INPUT 


0.01 pF 
50 : 


260% OO1l wr '™ 










Although the signal source conductance is determined 
by the coupling condensor of input and by the terminat- 
ing resistance of 50 Ohms, it is determined in principle 
solely by the terminating resistance of 50 Ohms (20 mS} 
for thecoupling condensor is nearly shortcircuited at f = 
100 MHz because it is 10 000 pF. The load conductance 
ig determined by the tank circuit, coupling condensor 
and terminating resistance. 

At first, the tank circuit is tuned to 100 MHz, and if 
it is assumed that the impedance in this case is infinite, 
then it can be disregarded. Therefore, the load conduc- 
tance is determined by the coupling condensor of 4 pF | 
and the terminating resistance of 50 Ohms. 

In consequence, the load conductance can be ob- 
tained, as shown in Fig. 4. 





4 pF 
——- 
Zo =— > 50 2 
7 _ ‘ | 
© g jwe 
Parralel conversion 
50 2 
| q* we" 
zz ? 2 ” 
1 (cac) 


(we) 


Ya 


Eee ee ee ee 
1 1 g? + (we)? : t+ (wel? 


gQ juc 


Fig, 4 Parallel Conversion of Load Conductance 


OUTPUT 
Co 609 


Fig. 3 100 MHz Gpe, NF Test Circuit 
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When the load conductance is obtained, taking the 
real number part (q*) of the equation in Fig. 4 into con- 
sideration, 


(we) 
g2 + (we)2 = 


_ =(2xmx100x10° x4x107? )? x20x107 
(20x107 )? + (2x7x100x10* x4dx%107!? )2 


= 0.31 ms. « 


Thus, the power gain for the circuit of 2SC 1674 


Gc. = —‘4vel*gs9L 
PS (9) +93)? (Gq + LL)? 


- 4x31,37x20x0.31 
(1.2 + 20)?x(0.07 + 0.31)2 


= 374.4 (= 25.7 dB) 


is derived from Eq. 2. Therefore, the power gain of 25.7 
dB can be obtained. 

However, since Eq. 2 does not include the insertion 
loss of feedback loss of the tank circuit, the power gain 
in actuality is less than 25.7 dB. 

As a result of the measurement of the characteristics 
in the case where 2SC16/4 is used as an RF amplifier, 
the following values are obtained. 


Gos @VcE=6 V, Ic=1 mA, f=100 MHz 22 dB 
NF i" 3.0 dB 
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THE USE OF SAFE OPERATING AREA 


JILON NOILVOMIddvV 


NEC Silicon Signal transistors are used for vorious 2. DERATING ACCORDING TO AMBIENT 

drivers and output circuits in audio applications. This TEMPERATURE 

document describes outlines of their transient safe op- o The safe operating area (SOA) described in cata- 

erating areas. | logue is for ambient temperature Ta of 25 °C. 
Therefore, for ambient temperature higher than 
25°C, derating is needed. For example, let us de- 


1. DESCRIPTION OF SOA (SEE FIG. 1.) rate for Ta of 50°C. First, use safe operating area 
1-1 Current limit derating curve in Fig. 2, and obtain a derating fac- - 
o This is the limitation imposed by hfe and VcE tor K of 0.8. Multiply this value to the current in 
(sat) characteristics against collector current and the safe operating area. 
by to levable current through bonding wire. Fig. 3 shows the examples of derating. 


1-2 Dissipation Limit 

o This is the limitation imposed by thermal resist- 
ance (total dissipation]. 

o Derate the limit according to ambient temperature 
Ta and duty cycle. 100 

1-3 S-B Limit - 

o This is the limitation imposed by current concent- 
ration. 

e Since the thermal resistance rapidly increases 
around this limit, the repetitive pulse application is 
needed, derate collector current by 40%. 

© Derate the limit according to ambient temperature. 

1-4 Voltage Limit 
o This is the limitation imposed by VCEO max. 





oQ- 


dT—Ic Derating — % 







pete ee 8 


| 
| | Current Limit 
| 'C(pulse) : 






VaeaV ONILVaASdO S3SAVS SO ASN AHL 





_ Dissipation Limit 







0 25 50 75 100 125 150 175 200 225 





: S/B Limit Tg — Ambient Temperature — iC 

O Fig.2 DERATING CURVE FOR SAFE OPERATING 

“ AREA 

A. 

fe 

OO 

Y 

Vce — Collector to Emitter Voltage 

Fig. 1 EXAMPLE OF SAFE OPERATING AREA 
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3-2 Junction Temperature Calculation with Approxi- 
mated Rectangular Waveform 





1000 Vieeecce i. ™ me 
IC (pulse) 


ide | 3-2-1. Variation of Junction Temperature Tj (t) when 
200 Single Shot Power Pulse is Applied and the Cal- 
culation Example 
100 Y N \ o When a pulsive power loss as shown in Fig. 5 is ap- 
: plied, Tjz (t) for to<t<ty will be 
Tj1 (t)=Rth (tz)-P+Ta (1) 


For the period t>t1, the situation is considered to 
be the same as the case where an infinitely long 
positive stepwise power loss P were applied from 
t=tg and another infinitely long negative stepwise 
power loss were applied from t=t;. Superposition 
principle leads to Tj3 (t) for t>t1 such that 

Tj3 (t)=P-[Rth (t)—Rth (t—t1)]+Ta (2) 


I¢— Collector Current —mA 





5 10 20 50 100 
Vce — Collector to Emitter Voltage — V 


Fig. 3 EXAMPLE OF DERATING WITH AMBIENT 
TEMPERATURE 


3. SIMPLE CALCULATION OF JUNCTION 
TEMPERATURE IN TRANSIENT CHARAC- 
TERISTICS 

3-1 Rectangular Waveform Approximation of Trans- 
lent Power Waveform 
o The descriptions given above only apply to rectan- 
gular power waveform application. While, the a- 
ctual waveform is not necessarily be rectangular 
but usually complex. 
In an actual application, the complex waveform is 
approximated with a rectangular waveform of 
which peak value is kept to the original peak value 
and of which mean power loss is the same as that 





Ti (t)=PRen(t,)+Ta 







qj 


Tj2(t)=P-Rth(t—t4 tT 
Tjp=P-Rin(t1)+T, 


Tj3=P-(Reh(t)—Rah(t—t,)! +7 


of the original waveform. Then the calculation des- | to t1 

cribed in 3-2 is applied to obtain junction temper- 

ature. Fig. 4 shows an example of the approxima- Fig. 5 CALCULATION OF JUNCTION 

tion, TEMPERATURE WHEN PULSE IS APPLIED 


to | 3-2-2 Calculation of Junction Temperature When Re- 
f. P(t) «dt =P: (t2—-t4)} petitive pulsive Power Loss is Applied 
o Also in this case, the procedure described in 3-2-1 
applies, and the following formulas can be deduc- 





ed. 

Tj(tt }=P-Rth(ty)+Ta (3) 

Tj(t2)=P[Rth (ta) —Rth (tg—t)] +Ta (4) 
ORIGINAL EQUIVALENT Tj(tg)=P[Rth (tg) —Rth (tg—t1)+Rth (tg—-t2)]+Ta 
WAVEFORM WAVEFORM (5) 
| The maximum peak junction temperature Tjp 

Fig. 4 EXAMPLE OF TRANSFORM TO EQUIVALENT reaching the equilibrium with continuous pulse ap- 

RECTANGULAR WAVEFORM FROM COLLECTOR plication will be 
POWER LOSS WAVEFORM Tjp=P[tp/toRth (j—a)+(1—tp/to)- Rth (tp+to) 


—Rth (to)+Rth (tp)] +Ta (6) 
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Fig. 6 shows the junction temperature variation 
for continuously repetitive pulse application. Rth 
(to), Rth (tz), Rth (tg), -—-—— Rth (tp) are ob- 
tained from the transient thermal resistance char- 
acteristic curve AR+,—PW as shown in Fig. 7. 





| 1 | et 


' c4 3 id 
Tjp=P:[tp/to-Rth(j—a) +1 —tp/to?-Rthito+t p)— 
i 1 ft L Replto) + Rehltp)] + Ta 


— 
—1----- 





to ti to tg tq 6 t 
Thlty)=P * Rehity)* Ta 
Tiltg)=P + [RthitalRthitg—t,)) + Ta 


\Ti(tg)=P * CRtntt3)—Reth(tg—tz* Rtn (tg—tg)! + Ta 


Fig. 6 METHOD OF DETERMINING JUNCTION 


TEMPERATURE WHEN POWER IS REPEATLY 
APPLIED 


Veer as ¥ 
duty eycie= 0.00) 


a oi 
Resistance — C/W 





AR+, — Transient Thermal 


pm im 20m 0m 100m 0m soem 


PW — Pulse Width — s 


Fig. 7 EXAMPLE OF TRANSIENT THERMAL 
RESISTANCE CHARACTERISTICS 


4.SOA CONFIRMATION BY MEANS OF EX- 
AMPLES 
4-1 Example of Lamp Drive 
o The operation model of Fig. 8 (a) is approximated 
by (b) of the figure where mean power loss is the 
same and the junction peak temperature is calcul- 
ated. Equation (6) is used for the calculation. 
Tjp=P[tp/to -Rth (j—a)+(1—-tp/to)- Rth (tp+to) 
—Rth (to) + Rth (tp)] + Ta 





25C2001 is taken as an example. The transient 
thermal resistance for tp=1 ms, tg=100 ms, and 
to + tp=101 ms from (a) of Fig. 12 


( P=5 W, Rth (j—a)=208.33 (°C/W) 
| Rth (tp=1 ms)=12.2 (°C) 


Rth (to=100 ms)=30(°C/W) 
Rth (tp+to=101, ms) = 30 (°C/W) 
tp/tp=1/100=0.01 (duty cycle} 
Tjp=5x [0.01x208.33+(1—0.01)x30—30+1 2.2] +Ta 
=5x13.98+Ta 
=/70+Ta x 
This means that the transistor can be continously 
used up to an ambient temperature Ta=150—70= 
80 °C, provided that TjpS 150 °C is satisfied. The © 
fact that requires cautions the most in lamp drive 
is the rush current for lamp on. But, since the hold 
time of Icp is, in Most cases, several tens us through 
several hundred ys, lop of up to about 3 A is toler- 
able if the junction temperature obtained above is 
less than 150 °C. 





t 


ig. 8 EXAMPLE OF TYPICAL OPERATING LOCUS 


FOR LAMP DRIVE 


Example of Relay Drive 

In this case, similar to the lamp drive, the rectan- 
gular waveform approximation is carried out, and, 
transient thermal resistance is derived from trans- 
ient thermal resistance characteristics for obtaining 
the junction peak temperature. The operating 
locus such as shown in Fig. 9 can be assumed to 
the relay drive. 


1105 


l- — Collector Current 





Dissipation Limit 


S/B Limit 


Vce — Collector to Emitter Voltage 


Fig. 9 EXAMPLE OF TYPICAL OPERATING LOCUS 


Pre — Power Loss 


FOR RELAY DRIVE 


10 ms 





t— Time 
Fig. 10 EXAMPLE OF TYPICAL SINGLE SHOT 
POWER LOSS 
4-?-] 


O 


For A-locus in Fig.9, the locus is in the dissipation 
limit region and, if the calculated peak junction 
temperature is lower than 150 °C, the repetitive 
power loss can be applied. 


4-2-2 


Oo 
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For B-locus in Fig. 9, which is close to $/B limit, 
tre operating should be considered as follows. 
25C2002 or 2SC 2003 is taken as example, in here. 
(1) When a single shot power loss such as shown is 
Fig. 10. is applied, use Equation (1) of 3-2-1 to ob- 
tain instantaneous junction temperature 4Tj (t7). 
ATj(tz)=Rth(ty)- P+Ta 

Obtain transient thermal resistance Rth (10 ms) 
from transient thermal resistance characteristic 
curve (B currse) shown in Fig. 12 (c}. 


&7j(t7)=5x19+Ta 


=95tTa 
This means that a single shot power loss applica- 
tion is permitted for an ambient temperature of up 
to Ta=150—95=55 °C. The condition of single 
shot pulse is actually realized if the junction tem- 





perature after the power loss application is satis- 
factorily lowered to the level before the application 
when the next pulse comes. 
(2) When pulses are repetitively applied, obtain 
transient thermal resistance from transient thermal 
resistance characteristic curve (curve C) in Fig. 12 
(C) and use Equation (6) for the repetitive applic- 
ation to calculate the peak junction temperature. 
In here, a model of Fig. 8 (b) is used. 
P=5.0 W, Rth(j—a)=208.33(°CMW), Rth(1 ms)=23.5 
(°CMWV), Rth(100 ms)=69(°CAV), Rth (100 mst 
1 ms)=69(°CM), tp/to=0.01 (duty cycle) 
Tip = Pltp/to * Rth(j—a)+(1—tp/to) - Rth(tp + to) — 
— Rth(tg) + Rth(tp)] + Ta 
=5.0x[0.01x208.33+(1-0.01)x69—69+23.5] 
tla 
=5.0x24.89+Ta 
=124+Ta 
This means that repetitive power loss application is 
permitted for an ambient temperature of up to 
Ta=Tjp—124=150—124=26 °C 


5. OTHER CHARACTERISTIC DATA 
(1)SOA data (Ta=25 °C) and breakdown data for 
PW=10 ms of 25C2001—2SC2003 and 2SA952— 
25A954 are shown in Fig. 11, (a) through (d). 
(?)Transient -thermal resistance characteristics 
Rth-PW of 2SC2001 to 2SC2003 and 2SA95? to 
2SA954 are shown in Fig. 12, (a) through (d). 
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1. INTRODUCTION 

This manual introduces NEC's 4 V Gate-Driven Power 
MOS FET devices with low drain-to-source on-state 
resistance. These devices feature miniaturization, low 
power dissipation, and multiple-functions. 


2. DEVICE STRUCTURE 

A power MOS FET (Metal Oxide Silicon Field Effect 
Transistor) device has several thousand <7o several ten 
thousand MOS FET cells (one MOS FET transistor) that 
are connected in parallel. See Photo 1. 





Photo 1. Power MOS FET Device and Individual Circuits 








, Silicon Oxide 
Channel Length 


RDSion ceil) 
=Reh + Fe 


Fig. 1 Cross Section of Power MOSFET Cell 


The combined drain-to-source on-state resistance 
Rpsi(on) of an MOS FET device, shown in figure 1 equals 
the resistance of one branch (MOS FET cell) divided by 
the number of branches. 
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Rpsi(on) = 1/n x Ros{on) of one cell 
Where n = the number of MOS FET cells 
The drain-to-source on-state resistance of a single 
MOS FET cell Rosion)cet) is given by 
Ros(on)cell = Ren + Re 
where ; 

Rep = on-state resistance of the inversion chan- 
nel formed by the bias voltage between 
the gate and the source, and 
resistance inversely Sroportional to the 
amount of impurity in the N7— silicon - 
layer. 


Rp = 


Resistance Rg is the factor most dependent upon 
impurities in the N~ silicon layer. Generally, the break 
voltage BVpss increases with impurity of the N7- layer. 
Accordingly,.there is a tradeoff between resistance Re 
and break voltage BV pss. 


Rp 
RDS(on)cell 
100 





80 
60 | 
40 


20 





60 80100 200 400 
BVoss(V1 


20 40 


Fig. 2 Rg/Rpsion)cell versus BVpss 


shows the relationship between break 


voltage. BVpss, of the power MOS FET device and 


Figure 2 


drain-to-source on-state resistance of the MOS FET cell, 
Rpsion) cell When BVoss is 200 volts or higher, Re is 
dominant. When BVpss is 100 volts or lower, Rep is 
dominant. 

The drain-to-source on-state resistance of a MOS FET 
device is represented by the product of chip area and 
drain-to-source resistance (A x Rpsion); mm?-2). 

Figure 3 shows the A-Ros(on) versus BVps character- 
istic of the 4 V Gate-Driven Low on-state Resistance 
MOS FET device. The A-Rps(on) value of this MOS FET 
device is 55 % higher than that of conventional devices, 
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Fig. 3 A-Rps(on) Versus BVpss 


To drive a power device with a voltage level of 4 volts, 
it is necessary to lower the threshold voltage (or the 
minimum operating voltage if the gate-to-source voltage, 
Ves, is higher than the threshold voltage). For this 
purpose, it is necessary to precisely contro! the amount 
of impurity in the channel layers and the thickness of 
the gate oxide. NEC achieved a 4-volt device drive and 
reduced drain-to-source on-state resistance by: 
© Optimum design based on computer simulation anc 

experiments, and 
O Up-to-date precision processing techniques for LSI 

devices. 

NEC’s 4 V Gate-Driven Low On-State 
Power MOS FET devices have the best performance 


Resistance 


achieved to date. 


3. FEATURES 
The NEC 4 V Gate-Driven Low On-State Resistance 

MOS FET device features: 

1) Ability to be driven directly by 5-volts power ICs, 
such as HCMOS ICs; 

2) Low drain-to-source On-State Resistance in this new 
generation of power MOS FET devices having higher 
chip efficiency; and 

3) Wider safe Operating range without secondary’ break- 

down. | 





4. ABSOLUTE MAXIMUM RATINGS AND 

CHARACTERISTICS 

This section describes only those ratings and charac- 
teristics that differ from those of conventional power 
MOS FET devices. 
1) Absolute Maximum Ratings 

Table 3 shows absolute maximum ratings of the 
2SK591 power MOS FET (drain current of 15 A and 
drain-to-source voltage level of 60 V). The 2SK591 
differs from bipolar transistors and conventional power 
MOS FET devices in its pulse drain current, with ‘an Ip 
(pulse) of 60 A and Ip (DC) of 15 A. 












ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 





















Drain to Source Voltage Vpss 60 V 

Gaté to Source Voltage Voss 20 V 
Drain Current (DC) Ip (DC) 1bA 
Drain Current (pulse) Ip (pulse) GOA 
Fotal Power Dissipation Pp ed 35 W 
Total Power Dissipation Pr *2 2.5 W 
Channel Temperature Tech 150 °C 
Storage Temperature T stg 55~150 °C 
 *4:T5= 25°C *2:T, = 26°C ; 


Table 3, 2SK591 Absolute Maximum Ratings 


The drain-to-source On-State Resistance of each 
MOS FET cell (see section 2) has a positive temperature 
coefficient. If one MOS FET cell is supplied current 
exclusively, the drain-to-source on-resistance, Rosion)cell . 
of the cell increases to suppress the incoming current. 
Thus the cell is protected against destruction due to 
local heating. Contrarily, bipolar transistors suffer local 
breakdown (secondary breakdown) if one specific part 
is fed current exclusively; temperature dependence of 
the DC current gain, hee, is positive and the heated 
part accepts more current. 

Accordingly, the power MOS FET device is more 
resistant to overload than are bipolar transistor devices. 

Figure 4 shows forward bias Safe operating area of 
the 2SK591. 
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Fig. 4. Forward Bias Safe Operating Area 


2) Characteristics 

Figure 5 shows the drain-to-source on-state resistance 
versus gate-to-source voltage, Ros{on)—Vas. The drain- 
to-source on-state resistance of the MOS FET device is 
fully saturated at 4 V. 

Figure 6 shows the gate-to-source cutoff voltage 
versus channel temperature. A 4 V Gate-Driven MOS 
FET device having low threshold voltage has an adequate 
noise margin in the range of —40 to 150 °C. 





Drain to Source on-State Resistance Ros(gn) (2) 


Gate to Source Voltage Vas (V> 


Fig. 5. Drain to Source On-State Resistance vs. 
Gate to Source Voltage 
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Gate to Source Cutoff Voltage VGs(off) (V) 





Channel Temperature Top, (°C) 


Fig. 6. Gate to Source Cutoff Voltage vs. 
Channel Temperature Teh (°C) 


Figure 7 shows drain-to-source on-state resistance 
versus channel temperature. As already described, the 
temperature dependence of the MOS FET device is 
positive._Accordingly, MOS FET cells connected in 
parallel in the MOS FET device operate stably, and 
MOS FET devices connected in parallel operate stably. 

Figure 8 shows the saturation voltage versus current 
characteristics of Darlington transistors 2SD560 and 
2SK702, which are compatible with the 2SD560. The 
saturation voltage of the 2SK702 is lower than that of 
the 2SD560 in the range of two-thirds or less of the 
rated current, It is apparent that the 2SK/702 has lower 
power dissipation. Because the drain-to-source on-state 
resistance of the power MOS FET device is inversely 
related to breakdown voltage, BVpss, the saturation 
voltage of the 2SK 704 (for 60 V) is much lower. 


0.08 | 





Drain to Source on-State Resistance Rps(on) (2) 


Channel Temperature Top (°C) 


Fig. 7 Drain to Source on-State Resistance vs. 
Channel Temperature 
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Fig.8 Vce—lc and Vps—Ip of Bipolar Transistor 


Power MOSFET 


5. APPLICATION EXAMPLES FOR POWER 


MOS FET 


1) Actuator Driving Circuit 


The 4 V Gate-Driven Low On-State Resistance Power 
MOS FET, which can be directly driven by a 5-V 
power IC, can be used as a driver for a switching 
regulator, actuator (such as solenoid, relay, motor, 
etc.), or indicator. Figure 9 shows a solenoid driver 
using the MOS FET device (power supply of 12 V) 
and a solenoid driver using bipolar transistors. The 
solenoid driver using bipolar transistors requires a 
base current strong enough to lower the saturation 
voltage of the main transistor. Accordingly, the base 
resistor dissipates 5 W of energy. Semiconductor 
devices should be kept well away from this base 
resistor. A rather large installation space is thus 
required by this circuit. Another stage of a Darlingtor 
transistor is required to control the main transistor 
by the control IC because the DC current gain hee is 
not sufficient. 

The solenoid driver using the 4 volts Gate-Driven 
MOS FET device, on the other hands enables the 
control IC to drive the solenoid directly, through 
only one gate input resistor. This configuration 
reduces the installation space and power dissipation 
of the drive circuit and the main circuit 

Photo 2 shows the switching waveforms of the power 


oe 


MOS FET for various gate input resistances. Switch- 
ing is performed in proportion to the product of gate 
input resistance, Rg and the power MOS FET gate’s 
input capacitance, Cyss. To eliminate radio frequency 
noise from peripherals (if any), reduce the switching 
speed by increasing the input resistance and adding a 
low-value capacitor. 
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b) Solenoid Driver Using 4 V Gate-Driven MOS FET 


Fig. 9 Solenoid Drivers 
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b) turn-off characteristic 


Photo 2 Switching Time and Gate Input Resistances of 


Power MOS FET 


2?) Rectifier Circui= 


As the efficiency of the switching power source 
improves because of the use of power MOS FET 
devices, the resulting power dissipation of the 
secondary rectifier circuit becomes significant. The 
reduction of the power dissipation is now required. 

Figure 10 shows a typical high-efficiency rectifier 
circuit using two MOSFET devices. Before discussing 
the operation of the rectifier circuit, we must explain 
the inversion characteristics between the drain and 
source caused by gate-biasing of the power MOS FET. 
Figure 11 shows the inversion characteristics of the 
power MOS FET. If the gate is reverse-biased or is not 
biased, the inversion characteristic of the power 
MOS FET is 
characteristic of the body diode. If the gate is 
forward-biased, the MOS FET in parallel with the 
body diode conducts and the resistance characteristic 


of the power MOS FET is the same as the forward 


the forward-voltage versus current 


on-state resistance characteristic. The rectifier circuit 
shown in figure 10 uses the above characteristics 
properly. 
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Rectified 
Output 


Fig. 10. High-Efficiency Rectifier Circuit Using Power 


MOS FET Devices ‘ 
While the points indicated by dots on the transformer 
windings in figure 10 are positive, the gate of power 
MOSFET Q, is forward-biased. The 
between the Q, source and drain is then low (low on- 
resistance) and the body diode conducts. The gate of 
another power MOS FET, Oo, being reverse-biased, is 
cut off. Current therefore flows in the sequence of 


resistance 


points on the secondary winding of the transformer, 
power MOS FET Q), smoothing coil, and the smooth- 
ing capacitor. While the transformer points indicated 
by dots are negative, the gate of power MOS FET Q, 
is reverse-biased and cut off. A flywheel current 
intended to flow through the smoothing coil, snooth- 
ing capacitor, and body diode of power MOS FET QO» 
is forward-biased and the source-drain resistance is 
low. 

The power MOS FET devices perform rectification in 
this manner. The body diode is inactive and the 
resulting inversion recovery time of the body diode 
is not generated because the voltage drop created by 
the drain-to-source resistance is much smaller than 
that of the body diode (when the gate is forward- 
biased). The 2SK591 4 V Gate-Driven Low On-State 
Resistance Power MOS FET (Rpsjon) of 35 mQ/ 
45 mQ, at Ves of 10 V/4 V), with a voltage drop of 
about 0.2 V at a current of 5 A, is more efficient 
than any other Schottky-barrier diode (voltage drop 
of 0.5 V). Figure 12 shows a typical high-efficiency 
rectifier circuit using two MOS FET devices of a 
negative power source. This rectifier requires no 
auxiliary secondary winding of the transformer. 
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Fig. 11. Isp Versus Vsp Characteristics of 2SK591 
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Fig. 12. High-Efficiency Rectifier Circuit Using Power 
MOS FETs 


3) Parallel Connection of Power MOS FET Devices 

Power MOS FET devices, which have a positive 
temperature coefficient for drain-to-source resistance, 
can be connected in parallel. 
Figure 13 
MOS FET devices in parallel. A resistor of less than 
100 22 is connected to the gate of each MOS FET to 

In this circuit, three power 


shows a typical circuit with power 


suppress oscillation. 
MOS FETs are connected in parallel. The combined 
drain-to-source on-state resistance of this circuit, 
assuming a load current of 10 A flows, is calculated 
as follows: 
Ros{on) = 4543 = 15 (mQ) 
(Vos of 2SK591 = 4 A) 
The overall power dissipation is 
P3 = 10 x 0.015 = 1.5 (W) 
The power dissipation of one power MOS FET is 
P1 = 1.543 = 0.5 (W) 
Note: 
The power dissipation of a single power MOS FET is 
PO1 = 45x 10 = 4.5 (W) 


power MOS FETs in 


sufficient). 


No cooling fin is required by a circuit having three 
(free-air cooling is 


parallel 





25K591 





25K591 


Fig. 13. Circuit with Parallel MOS FETs 


6. HANDLING NOTES 
1+ Avoid Static Electricity. 


2 


— 


A surge voltage such as static electricity will destroy 
the thin insulating silicon oxide between the gate and 
source of the power MOS FET. Note the following: 

a. For storage and transfer of power MOS FET 
Always put each device in a bag or wrapper made 
of conductive material or place it on black 
conductive foam or aluminum foil. 

b. For handling of power MOS FET 
Do not touch the gate lead of the power MOS 
FET. 

Hold the body of the device. 

Be sure to ground the workbench and floor. It is 
best to use a wrist strap to dissipate any static 
charge when handling the devices. A ceramic-tip 
soldering iron is recommended for soldering device 
leads. If a surge voltage may possibly be applied ta 
the mounted device, a constant-voltage diode is 
recommended between the gate and the source of 
the device. 

Avoid Overvoltage Between Drain and Source of 

Power MOSFET. 

As already described, the drain-to-source on-resistance 

of the power MOS FET and breakdown voltage 

BVoss, are closely related to each other in an inverse 

relationship. In design of power MOS FET devices, 

drain-to-source resistance is made as low as possible, 
and breakdown voltage is set low in the specified 
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range. Accordingly the breakdown voltage margin 
of the power MOS FET is narrower than that of a 
bipolar transistor. Be careful not to apply any over- 
voltage to the device. Connect a protective circuit ta 
the device if necessary. 


7. CONCLUSION 

NEC's 4 V Gate-Driven Low On-State Resistance 
Power MOS FET devices are certain to replace bipolar 
transistors in many electronics fields because they can be 
directly driven by 5-V power ICs and have low drain-to- 
source on-state resistance. 

NEC is ready to provide 4 V Gate Driven power 
MOS FET devices with lower drain-to-source resistance, 
using our unique, up-to-date LSI technology. 
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APPLICATION NOTE 


hee AND NOISE FIGURE DETERIORATION CAUSED 
BY E-B JUNCTION BREAKDOWN IN TRANSISTORS 


CHARACTERISTIC DETERIORATION 
CAUSED BY E-B JUNCTION BREAKDOWN 
IN TRANSISTORS"? 


When breakdown(avalanche breakdown)is generated 
by the application of reverse voltage exceeding BVeRo 


between E-B of transistor, leakage current increases 
as well as hfe and NF (noise figure) deterioration 
may result. 

The hfe deterioration is considered to be effected 
by trap centers generated on and around silicon sur- 
face by the avalanche breakdown. 

When the surface recombination-generation current, 
( a component of transistor base current) is increased, 
especially when the recombination-generation ‘Current 


is increased by the recombination-generation centers 


produced in E-B junction depletion layer around the 
surface, IB is increased, and if collector current IC 
is kept constant and because hfe = Ic/Ip, hfe de- 
terioration results. Another cause of the deterioration 
is the fact that the surface potential variation due ta 
the avalanche breakdown induced movement of the 
charge carriers supposed to be present on the boun- 
dary of the oxide film and the silicon, or in the oxide 
film. However it is reported that this is not so domi- 
nant. ‘Anyway, hfe deterioration is caused by the 
trap density increase around the surface of E-B junc- 
tion. Therefore, for making transistor structures not 
so susceptible to hFE deterioration, it is fairly useful 
to reduce crystal dislocation generated during impurity 
diffusion and reduce impurity concentration on base 
surface slightly (because too much reduction induces 
channel generation) in the transistor production pro- 
CeSses. 

Noise figure deterioration, one of the subjects of 
It is 
considered as a phenomenon created by hfe linearity 


this document, arises from hfe deterioration. 


deterioration caused by the increase of surface re- 


combination-generation current and the following 
marked deterioration of hfe in low current region 


due to avalanche breakdown. 


This is evident from the fact that, among equi- 
valent input noise components, only current noise 
source: in (shot noise) is increased and voltage noise 
source: @n (thermal noise) is unchanged. 

How far these hfe and noise figure deteriorations 
are influenced by breakdown current and time and 
to what extent the deteriorated characteristics are 
recovered by high temperature storage and power 
aging are described by using measured data of small 
signal transistors 25C945 and 9SA733.7 
1) The description of the deterioration applies to sili- 

con epitaxial planer transistors. 

2) Because structures are somewhat different between 
type to type, the deterioration tendencies in other 
types may be different from the data that will 

_ be shown here. Furthermore, the data shown here 

is obtained from samples picked at random and 
they predict nothing of the dispersion. 


Note’ 


1.hFE DETERIORATION DUE TO E-B 

JUNCTION BREAKDOWN 

Fig. 1 through 3 show how far hFEF deteriorates 
with the current and the duration of E-B breakdown. 
Fig. 4 and 5 show the degree of recovery of degraded 
transistor hFE by means of high temperature storage 
and power aging. 

The breakdown duration described in the figures is 
the total time. hFE1, hFE?, and hFE3 as defined by 
the measured hfe under the following conditions. 
(Other sections are also defined in the same manner 
unless otherwise specified. } 


litem | Test naiicne | 
|_ltem | Test Conditions - 


—' 


NFET VCE = 6.0 V, Ic = 0.11 0.1 mA | 
| hre2 | VCE = 6.0 V, Ic = 1.0 mA | 
| hFES” _ VceE=6.0V, Ic C= 10 mA 


(Negative sign for PNP type is omitted.} 
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1-1. hee Deterioration with Breakdown Duration 

The hee deteriorations relative to breakdown dura- 
tion time are shown in Fig. 1-1 through 1-3 taking 
breakdown current Ibreak as a parameter. 
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Fig. 1-3 lbreak = 10 mA 


hfe Deterioration vs. Breakdown Time 


1-2. hee Deterioration with Collector Current Where 
hee Is Measured 


The hfe deteriorations relative to collector current 


where ffE measurement is taken as shown in Fig. 2-1 


through 2-3 taking tpreak and Ibreak aS Parameters, 


and normalizing with the value at Ic = 1.0 mA. 
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1-4. Recovery of Deteriorated hfe By Power Aging 
Fig. 4 shows the rate of recovery of hfe values of 
a deteriorated transistors by means of power aging. 
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These curves also show what percentage of the initial 
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Fig. 5-3 ip Deterioration vs. E-B Breakdown Current 


Fig.5 Noise Figure Deterioration Due to E-B 
Breakdown 


The following conclusions can be drawn from Fig. 5. 


1) in (current noise source) component the contributes 


to noise figure deterioration. 

2) As in hfe deterioration, the noise figure degrada- 
tion significantly appears at the instant of break- 
down. The degradation is more significant for 
higher breakdown current. 
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3. CAUTIONS AGAINST CHARACTERISTIC 
DETERIORATION DUE TO E—B BREAK- 
DOWN 

breakdown causes deterioration dependent on the 

breakdown current, and once deteriorated the chara- 


cteristics can never be recovered to their initial values. 


Therefore, it is essential to design circuits in such a 
manner that breakdown cannot take place. Particular- 
ly, when transistors are used under the following con- 
ditions, it is necessary of the most cSreful considera- 
tion be given. 
1) Circuits operating a transistor in its low current 
region. 
2?) Circuits containing a transistor with large hFE value. 
3) Circuits that use a low-noise transistor or circuit 
where low noise is required, and a particular cir- 
cuit with high source resistance (because this com- 
ponent contributes to noise figure). 
hFE deterioration and shorting can be caused not 
only by inadequate circuit designs but also by revers- 
ed terminal connection and application of voltage 
or Current beyond the ratings of acceptance inspections 
of purchased transistors. 
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APPLICATION NOTE 


TRANSISTORS WITH EXCELLENT IN 
“ELECTROSTATIC — DISCHARGE —RESISTANT(ESDR)” 


1. THE NECESSITY FOR TRANSISTORS 

WITH EXCELLENT IN “ELECTROSTATIC- 

“DISCHARGE- RESISTANT.” 

When designing circuits, an ample consideration is 
given on the SOA, thermal problems and the scatterings 
in various characteristics of transistors. However, it 
appears that a consideration on electrostatic-discharge 
(ESD) is frequently neglected, Furthermore, it has 
been ascertained that, not only due to circuit design, 
ESD will occur even during the manufacturing process 
of equipment depending on the storage conditions of 
the transistors. 

Recently, among the total failures of transistors, 
though differing according to the application field and 
period (due to the effect of humidity), the percentage 
of failures presumed to be due to ESD reach a 
considerable number, When the reliability and market 
failure rate of transistars aré discussed, failures due to 
ESD cannot be disregarded. 

Then, “What kind of transistors are excellent in 
ESDR?” Since the relationship between the structural 
parameters of transistors and ESD is so complicated 
that only a simple explanation of these parameters 
shall be given here, and the explanation shall be mainly 
about a simple estimation on ESD through electrical 
parameters given in catalogs, etc. Furthermore, the 
explanation shall be focussed on: “Failure when the 
E-B is reverse-biased, that is the main failure mode 
of a transistor in ESD.” 


2. WHAT IS ESD ORIENTED FAILURE? 


The ESD oriented failure is a phenomenon that a 
PN junction is destroyed or partially deteriorated 


note 1) 


when a capacitor having a charge QO is 


discharged into a transistor causing the junction 
temperature to rise due to the impulse current and 
then the temperature rise reaches the melting point of 
silicon. The maximum value and decay time of the 
impulse current will vary depending on the CR time 


constant of the test circuit, bulk resistance, stray 


capacity, etc., but the destruction energy has a 
constant value 1/2CV? (J). 

Therefore, it can be said that the larger the value of 
1/2CV? of a transistor, the superior the ESDR of a 
transistor. & 

When transistors are subjected to ESD, ir slight 
cases the result may only be an increased IERO, 
decrease of hee or deterioration of VERO, but in 
extreme cases, not only will E-B be short-circuits, but it 
may even result in a deterioration of C-E and an 
increase in ICEQ and IcRg. An examination of the 
deterioration or destruction mode shows that it 
happens in a particular direction approximately per- 
pendicular to the E-B junction plane. Also, it has been 
ascertained that in most cases approximately the same 
spot of the PN junction is destroyed depending on the 
type a transistor, and according to the pattern of the 
transistor there are spots where current is liable to 
be concentrated. Transistors that have destroyed at 
levels near the destruction energy are frequently 
overlooked during visual inspection of the pellet (dice). 
But, by 
oxide film, the destruction spot can be discovered. 


(See photos 1 to 3). 


removing the aluminum metallization and 


Note 1) When broadly interpreted, not only the charges 
of capacitors, but the electro static resulting 
from contact friction between two different 
materials should be included. 

ESD’s due 


transistor-storage-trays during 


Actually, to work benches, belt 
conveyors, and 


assembly of equipment have been reported, 
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3.TEST METHODS AND RESULTS OF 
“ESDR,” 
Roughly divided, there are two test methods as 
follows, 
1) Discharging the charge of a~ capacitor into the 
transistor under test. 
2) Applying a single pulse from a pulse generator tc 
the transistor Under test. . 
Here, thinking about the actual destruction mode 
and the correlation in question, the method 1) is 
applied and the data are utilized. 


3-1 Testing by direct supply of charge note 2). 
1) Capacitor C is charge up to a desired voltage Vp as 
shown in Fig. 1. 


D.ULT. 
(Device Under Test) 





Fig. 1 


2) The stored charge is applied by turning SW to the 
transistor side, and then the BVERO waveform of 
the transistor is checked, 

3) If no deterioration of the waveform can be 
discerned, the capacitor is charged to a higher 
voltage and the test is repeated until deterioration 
of the waveform is discerned. 

4) Next, the capacitor C is changed to any different 
capacity and the test is repeated, 


3-2 Testing with base series resistor. 
Since in actual high frequency circuits a resistor of 


several tens of ohms is often added in series with the 


base, as shown in Fig. 2., this is a method for 
measuring the ESDR in this state. The testing method 
is the same as 3-1., and the test is repeated with 
different values of Rp. 
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DWT, 


C=1 000 pF 





Fig. 2 


3-3 Testing with emitter load. 

This is a method for measuring the ESDR with an 
emitter resistor and bypass capacitor as shown in 
Fig. 3. 

The testing method is the same as 3-1., and the test 
is repeated while changing Ce, 


D.ULT. 






| C=1 000 pF 


VD 470 2 


Fig. 3 


Note 2) The testing methods described here are methods 
employed particularly by the company for the 
evaluation of ESDR, and are not standardized, 
These three testing methods are aimed for 
examining the ESDR_ of the transistor itself; 
the deviation when the base series resistor is 
added; and the effect of different capacities of 


the emitter bypass capacitor respectively. 


3-4 Criteria of “ESDR” "Ote 3). 

"ESD" is judged to have taken place, when the E-B 
breakdown waveform becomes as shown in Fig. 4. 
compared to the initial, The voltage VD applied to the 
capacitor C at that time is called the "Electrostatic- 
Discharge-Resistant (ESDR)". 





a} Complete short, ohmic short. 3-5 Test results of ESDR. 
— The data of tests performed by the methods of 3-1. 
"Initial waveform to 3-3. are as shown in Fig. 5 to 7. 
The ESDR on various types of transistors by the 
method 3-1. are shown in Fig. 8. 
Fig. 5 shows that the destruction energy (1/2CV*) 
is constant. Therefore, by measuring the ESDR ata 
certain capacity, the ESDR at any capacity may be 





easily determined, 

b) Hard deterioration Fig. 6 shows that the effect of the protective 

resistor appears the mare marked the strenger the 

lEBa |! ESDR of the transistor itseif. The same results as Fig. 

6 are obtained, when the protective resistors are 
connected to the emitter side. 

From Fig. 7 it can be seen that, even bypass 


capacitors, from the standpoint of ESDR, an in- 





. yas discriminately large capacity should not be used. 
Though thé rate of change is the same, the absolute 
c) Soft deterioration value of the ESDR will differ so that the more care 


must be taken the weaker the ESDR of the transistor, 


lEBO| 
; Initial waveform The surfaces of destructed ?SC945 are shown in 
| photos 1 to 3. 
| 
i__— . a © 
Deterioration over 0.4 V ESDR vs, CAPACITOR (TYP. VALUE) 
| 
\ 
| : 

0 VEBO 








d} Soft deterioration 








lEBO 







Initial waveform 














Deterioration over 10 uA 
(No deterioration of 


VEBO VERO value) 











ESDR—Electrostatic-Discharge-Resistant—V 








Fig. 4 Waveforms of ESDR criteria. 


100 =——s200—”'té‘<‘éX2W!O © '1000-—S—2000 
Note 3) Similarly to note 2), these criteria are of C—Test Capacitor—pF 
independent use by the company. 





Fig. 5 ESDR by direct supply of charge 
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ESDR vs. BASE SERIES RESISTANCE (TYP. VALUE] 


ESOR—Electrostatic-Discharge-Resistant—V 





0 5 10 15 ~—s«O2) 


Rpe—Base Series Resistance—{ 


Fig. 6 ESDR with base series resistance added 


ESDR vs. BYPASS CAPACITOR (TYP. VALUE) 













Sw ] 
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ESD R— Electrostatic-Discharge-Resistant—V 
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Ce—Bypass Capacitor—pF 


Fig. 7 ESDR with emitter load 
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ESDR —Electrostatic-Disecharae-Resistant—V 
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Fig. 8 ESDR of various types of transistors 


Destruction mode of a 2S5C945 (Portion marked is destruction spot) 
Vp=220 V, C=1 000 pF 





-- Photo 1-1 Photo 1-2 Photo 1-3 
sealing opened = Ajuminum metallization removed Oxide layer etchid off 


¥ 
Td 


Vp=260 V,C=1 000 pF 





Photo 2-1 Photo 2-2 . Photo 2-3 
Sealing opened Aluminum metallization removed Oxide layer etchid off 
Vp=370 V, C=470 pF 
f He. 











Photo 3-1 Photo 3-2 Photo 3-3 
Sealing opened Aluminum metallization removed Oxide layer etchid off 


4.WHAT KIND OF TRANSISTOR IS SUPE- 2SC2000>2SA733>2SC945>2SC 1675>25C 1674 
RIOR IN “ESDR.’’? From the above, a study is done about the major 
As can be seen from the test results of 3-5., among parameters of these transistors, as listed in Table 1. 

small signal molded transistors, the ESDR of the 5 types below, in order to determine which parameters should 

of transistors used in the experiments are in the order be noted when selecting a transistor excelling in ESDR. 
of: 


VeROlV) hE ratio cs (MHz) | 

| Sra gntige @ic=100 pA | @VcE=6.0V @vcEe=6.0V 

TYPE NO, | @C=1 000 p Effective Ic=0.1 mA/1.0 mA io 1.0 mA 
| TYP, | value, TYP, | : 
| | | General purpose. 


ESDR (¥V) 
al APPLICATION FIELD 


25C2000 70 (Specially designed for 





| 
| ‘ | 6 7.5 
_ = | | high ESDR.) 
7 | | E pececees 


25A733 _ General purpose. 


2SC945 E } General purpose. 


a | | 
2SC1675 5 =| (25 | 8 | , 250 | FM/IF, AM/Con. 


28C1674 | FM/RF 





Table 1. Principal parameters of various transistors. 
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From the above Table it can be seen that for 
transistors to excell in ESDR. 


1) ff should not be higher than necessary. 

This is because both the ESDR and f7 are 
proportional th the depth of the base and emitter 
junction and the concentration of impurities, when 
diffusing the base and emitter reagions, 

The value of VERO is also an approximate 
indication but, it is effected by other parameters sc 
that judging the value of fT is more easy and 


accurate, 


2) The value of I¢ max. should be large. 
This is because both the ESDR and Ic max. have 
a proportional relationship with the area or length 
of periphery of the emitter. However, since this 
condition is also proportional to the size of the 
pellet, the comparison would be valid only compar- 
ing transistors for use of a particular application. 


3) The linearity of hFE should be good. 

When electrostatic discharge occurs, the destruc- 
tion spots will be concentrated in places where 
there are crystal defects (lattice defects) in the 
emitter-base region. Since the linearity of hFE is 
made worse when there are crystal defects, it is an 
indication for judging ESDR. 


5. COUNTERMEASURES AGAINST ESD. 

As has been described, ESDR will differ greatly 
according to the type of transistor and the conditions 
of use. Furthermore, since electrostatic discharges 
occur everyday in all places, it is necessary to pay 
attention to this fact when designing circuits or during 
the manufacture of equipment, 

Therefore, it is important to keep in mind what 


degree of ESDR will be necessary . 
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Basic countermeasures against ESD are described 


fotiowing: 


1) Circuit design. 


a) Neon lamps or protective diodes should be 
inserted into the antenna circuits, 

b) Resistor of such value (several tens of ohms) that 
will not effect the S/N or NF should be inserted 
in series with the transistor base. 

c) The value of the bypass capacitar should not be 
used larger than necessary. 

d} Consideration should be given to characteristics 
‘other than those of the bias point being used, 
and to parameters that have correlation with 
the ESDR. 


2) Manufacturing processes. 


a) For storing transistors, containers of materials 
that keep electrostatic charges strongly (celluloid, 
nylon; plastic) should be avoided as much as 
possible, 

b) Such facilities as belt conveyors, soldering baths, 
automatic insertion machines should be ground- 
ed 

c) The keeping of electrostatic charges by workers 


= 


should be prevented, 
d) Humidity should be thoroughly controlled, and 
a low humidity condition should be avoided. 


REFERENCES: 
1) NEC Integrated Circuits Application Note: IEP—001 


2) Fujie, et al. “Electrostatic Interference Counter- 


measure Data Anthology.” Published by Daiichi 
International Co, 


3) D.C. Wunsch and R.R. Bell, “Determination of 


Threshold Failure Levels of Semiconductor Diodes 
and Transistors Due to pulse Voltage."" IEEE Trans, 
Nucl. Sci., NS-15, 1968. 
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APPLICATION NOTE 


CAUTIONS TO BE TAKEN IN MEASUREMENT 
AND TESTING OF TRANSISTOR 


In the case of measurement or testing of a transistor, 
it can happen that the transistor is destroyed or 
deteriorated inadvertently due to troubles in such 
measurement or testing. With regard to such troubles, 
this material enumerates points of caution taken at our 
company especially in respect of high-frequency tran- 
sistors. It is our desire that this manual be utilized 
effectively on the occasion of acceptance inspection or 
reliability test. 


1. CAUTIONS REQUIRED IN MEASURE- 
MENT OF CHARACTERISTICS 


1-1 Prevention of Oscillation 

In case where a transistor does not indicate a true 
value due to oscillation in the measurement of hFE or 
withstand voltage, etc., for the purpose of preventing 
oscillation insert resistance of approx. 542 in series 
with the emitter terminal of the measuring jig 
(transistor socket) at a point nearest to the emitter lead 
wire of a specimen as in Fig, 1, 


Measuring Jig 








Measuring 


instrument 


Oscillation-preventive resistance 


Fig. 1 


1-2 Surge Protection 

When measuring a transistor with an automatic 
measuring instrument or the like, there are cases where 
improper contact is caused between a lead wire of the 
specimen and the measuring jig (transistor socket) and 
high voltage is produced thereby and such high voltage 
destroys the transistor. As a preventive measure in 
such a case, put Zener diodes commensurate with 
withstand voltage of the transistor in between the 


respective terminals as in Fig. 2. However, at time of 
measurement of hFE, VCE(sat) and VBE (sat), remove 
the Zener diode between base and emitter. Such surge 
protection by means of Zener diodes also serves for 


surge protection ina practical circuit. 


Measuring 


instrument 





Fig. 2 


In the meantime, at our company, for detection of 
such improper contact, low-level hfe (such as VCE = 
3V, lc = 1mMA) is measured beforehand and after 
confirming that the value is indicated, measurement is 


made, 


2. CAUTIONS REQUIRED IN LIFE TEST 


2-1 Cuations Required in Performance Test 
Use a test circuit provided with oscillation inhibi- 
tion and surge protection as in Fig. 3. 


R, Di R. 


| en AA 
Collector i 


source 






Emitter 
source 





Fig. 3 


Ri: Resistor to suppress dispersion of current among 
specemens 
(Resistance to cause voltage drop of approx, 10 V 
at both ends of resistor) 

FR2: Resistor to prevent overcurrent due to surge 


voltage 
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(Resistance to cause voltage drop of approx. 
10 V at both ends of resistor) 

Di: Oscillation-preventive diode (Place in the vicinity 
of the emitter lead wire of a specimen. As for 
this diode, we recommend eur F14A — F14D) 


On the other hand, in the case of a continuous 
performance ‘test, synchronize power-on on the col- 
lector side with the emitter side (to prevent oscillation). 


2-2 Cautions Required in Reverse Bias Test 

Use the test circuit as in Fig. 4. Shorting B —E 
is intended for prevention of impression of reverse bias 
between emitter and base due to the effects of C— E 
capacity and E — B capacity. For the effect of reverse 
bias on transistor refer to “hfe and noise figure 
deterioration caused by E-B junction breakdown in 
transistors’ in NEC Transistor Engineering Bulletin 
(TEB— 3011). 







R 
Di Reverse bias 
source 





Shortcircuit 


Fig. 4 


R : Resistance of approx. 10 kQ 
Di: Zener diode for surge voltage absorption 


with voltage rating higher than impressec \ 
voltage / 
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3. TEST PROCEDURES 


‘t is recommended that when conducting various 
tests, C—B and E—B waveforms be checked with a 
curve tracer before and after each process as in Fig. 5. 

This serves, in case a specimen has become defective 
halfway in testing, to make clear.in which process has it 
become defective and, by doing this, whether the 
speciman has been made defective inadvertently due 
to abnormal oscillation, etc, at time of measurement of. 
characteristics or whether the speciment has become 
defective due to the test itself is also made clear. 

On the other hand, in the case of waveform check, 
current should be less than 100 WA. 


Initial characteristics 


check 









———$ $$$ Curve tracer check 
$$ Curve tracer check 
Interim check 


$$$ Curve tracer check 


—$<$<$ Curve tracer check 


Interim check 


Fig. 5 


NEC 








APPLICATION NOTE 


OPTIMUM METHOD OF USE OF LOW FREQUENCY- 
LOW NOISE TRANSISTORS 


There are products having characteristics suited 
to circuit functions available for low frequency-low 
noise transistors and field effect transistors (hereinafter, 
referred to as FET) used on audio units, 

Here, noise of transistors and FET at low frequency 
is described and a method of selection of products 
corresponding to circuit functions is introduced. 


1. NOISE 
1-1 Equivalent input noise source method 
To determine noise at low frequency it is advisable 
to utilize this equivalent input noise source method. 
-This method is to express noise electrically by 
dividing noise into two components of voltage noise 
source @€, and current noise source In, inputing and 
converting them into electrical values. When noise of 
a transistor is expressed electrically using this method, 
it can be considered equivalently as shown in the 


following diagram: 


1 2 5 10 20 50 100 200 


ey — Overall Input Converted Noise Voltage — nVis/Hz 


Fig. 1 


600 1k 









Ideal 
Amplifier 


From this, overall input-converted noise voltage ey | 


can be expressed as follows: 
e775 ers? ten’ + in’ -Rs’ 
here, eRs? is thermal ise of signal C 
where, eRs* is thermal noise of signal source 


resistance Rs expressed by 4 KTRs. 
Noise figure NF much used in catalogs is expressed 


by the following equation on the basis of Equation (1), 


above: 





2 
J (Ens jn?-Rs)] 
AKT Rs 


f=1.0 kHz 





5Ok 100k 200k 500k 1M 


Bk 10k 20k 


Rs — Signal Source Resistance — £ 


Overall Input Converted Noise Voltage e7 - 


Signal Source Resistance Rs Characteristic 


Where, K is Boltzman’s constant (1.38054 x 10723) 
and T is absolute temperature (273,15 + Ta K), 


According to €n and in, e7 will havea relation with 


Rs as shown in Fig. 1, 
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1-2 Noise characteristic of transistor 


€n and in of a transistor at emitter grounding are 
expressed as follows and their current characteristics 


are as shown in Fig. 2. 


Gn? = 4 KT(rpp’ + 1/2 gm) - af 
In? =2qglb-T 


iy 
i 


where, php’: base resistance 


gm : mutual conductance 





Af : frequency band 
q : electron charge 

tz 100 _ 
a 
z a 
T | 
: 2 
5 10 J 5 
a ™ Ie 
z : 
8 & 
= = 
a = 
& ° 
ie ids 
> nv | & 
3 g 
5 Ss 
= > 
c = 
o Co 
{) a) 
4 O1 Is 
e w]e Theoretical equations 
r = | in=/2q1b 
Ese] Qa I EE 
8 8 | | en=V4KT(rbb'+ >) 
5 2 
g 0.01 LZ 0.01 for shot noise 
| Av | PAQ.001 0,01 0.1 1 ia 
c = 
C 


lc — Collector Current — mA 


Fig. 2 @pm and i, Current Characteristics of Bipolar 
Transistor (Vce=3V, f=100 Hz, f=1 Hz) 


Of transistor noise, ip largely depends upon current 
and @n depends upon 1/2 gm (= re/2) at low current 
while it is decided by base resistance rph’ at large 
current, 


1-3 Noise characteristic of FET 


Gn and in of FET at source grounding are expressed 
as follows: 


Qn2 = 4KT-1/gm- Af 

In? = 2q!lG-At 
where, IG is gate leak current. 

Gate leak current at this time is leak current at 
normal bias as shown in Fig. 3 and shows voltage 
characteristic shown in Fig. 4. 
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oe 


ia] = 
ue 0 5S 10 15 20 25 30 35 
Vos — Drain - Source Voltage — V 


Fig. 4 Voltage Characteristic of Gate Leak Current IG 


Therefore, in is almost negligible at low voltage 
(generally, 10 V or less) as IG is 107'° — 107'7 A, and 
the larger qm is, the lower en becomes. 

Further, as gm will become large with increase in 
current, @, shows current characteristic as shown in 
Fig. 5, 


&,—Input Converted Voltage Noise Source —nV/./H2 





01 02 O5 10 20 50 10 20 °+&S50 
Ip — Drain Current — mA 


Fig. 5 Current Characteristic of FET Input Converted 
Voltage Noise Source en 


However, in cannot be disregarded at high voltage as 
N channel type |G increases rapidly. 


1-4 Frequency characteristic of noise 


Frequency characteristic of noise generally shows 


characteristic as shown in Fig. 6. 


: | ; \Dispersion noise 
1/7 noise —+—-_ White noise —-—++- 


NF — Noise Figure 





f — Frequency 
Fig. 6 General Frequency Characteristic of Noise 
As noise changes in inverse proportion to frequency, 


noise in low frequency band is generally called 1/f 
noise, 


The medium frequency band is a thermal noise | 


region that has no frequency dependency and noise 
in this band is called white noise. 

Noise in high frequency band is that generates in 
relation to transistor cut-off frequency and FET gate 
cut-off frequency. 

At present, the primary problem for transistor Is 
1/f noise from the viewpoint of its principle of opera- 
tion, while on junction FET 1/f noise is generally 
satisfactory but white noise is a problem. 

2. EFFECTIVE WAY OF LOOKING AT 

CATALOGS 

Any catalogs for low frequency-low noise transistors 
and low frequency-low noise FET list as a matter of 
course specifications and data for noise. Before using 
transistors or FET, it is advisable to effectively utilize 
these data and specifications in selecting optimum 
products, 


2-1 NF Map 

This NF Map (Fig. 7 & Fig, 8) is the most effective 
data relative to noise of transistors. This NF Map 
shows the relation between signal soruce resistance and 
collector current with NF used as a parameter. It may 
said that NF Map covers all items governing noise of 
transistors; for instance, ‘’To obtain optional NF on a4 





transistor, at what degree should we design signal 
source resistance and collector current?” or “To obtain 
optional NF. at optional signal source resistance, where 
should we set collector current?”’. 


q Ne = ~ ws -% tt te 








er sie ae ee eens 


RG — Signal Source Resistance — 2 


al 





See eee ee 
a Te el 
a ee 


.01 0.02 708. 0.1 0,2 0.5 1 2 5 


lc — Collector Current — mA 


Fig. 7 NF Map 


|}, 7 
RS 


AY 
ae SCH 
HN AN N 


( 


Rg — Signal Source Resistance — 2 
an 


Ly 4 A TY 





l¢ — Collector Current — mA 


Fig. 8 NF Map 
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2-2 Noise voltage (NV) regulation 

This regulation has been developed on the basis of 
actual state of use of transistors and FET. Manufac- 
turers sort and control noises according to items listed 
in this regulation, , 

Conditions for these items have been established 





transistors and FET. In the case of transistor, signal 
source resistance is set at high level (RG=100 kQ2)so 
that in component can be detected remarkably. In the 
case of FET, in contrast with this, signal source 
resistance is set at low level (0 — 1 kQ2) so as to make it 
easy to detect en component, 


according to.characteristics, uses, etc. of respective 


O Bipolar Transistor © Twin Transistor 


+15 V Vces5 V, ic=1.0 mA, RgGg=100 kQ 





‘470 pF & 






Band Pass 





Filter 


Band Pass 
Filter 


f=10 Hz ~1.0 kHz NV (rims. ) 







100 k 


atts 


100 k§2: 


1.0 mA | AT uF 
+ 


Gv=80 dB Gv=80 dB 


aie FLAT 
VCE £5 V, Ic=1.0 mA, RG=100 kM, Gv=80 dB, FLAT(f=10 Hz 1.0 kHz} 








O FET © Twin FET 
£15 
o +15 V 
Ok 
* 200 2 ; =e AT enc - : 
fe Vogs4~5 V, ilp=6.0 mA, Re=0 10k FLAT Amp FLAT Amp &6.P.F. 





ka? OMVir.ma.s, } 





NV{roim.s.) 
| Band Pass 


Beep f=10 Hz ~1.0 KH2 
| Filter 


(36 dB/oct) | 
‘=100 Hz~1.0 kHz 
(at Gv=—3.0 dB) tk 


=e 


Gv=120 dB Gy=100 dB Ji 
FLAT FLAT 


Fig. 9 Example of Noise Voltage Measuring Circuit 
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2-3 Other Data 

In addition to above data, some catalogs may list 
current characteristics of €n and .i, depending upon 
products. If these data are available, noise character- 
istic of a particular transistor can be grasped more 
effectively. 


7-3, SELECTION OF TRANSISTOR SUITED 
TO CIRCUIT FUNCTION 
Here, let's consider what transistor and FET 
should be selected for circuit function, 


3-1 MC head amplifier 

As impedance of MC cartridge is as low as several — 
several ten ohm, it is presumed that there will be no 
problem of effect of in on so-called low noise 
transistors, and transistors having lower en shall be 
used. | 

Standard ep, values are listed on catalogs for so- 


called low base resistance (low rph’) products, It is — 


advisable to use these values as refereces. 

Further, in the case of FET it is advisable to select 
products having large gm {| Yfs|) which are called 
Super High Gm or Super Low Noise FET. 


3-2 Reproducing head amplifier 

As impedance of reproducing head is as high as 
several hundred ohm — ten-oddkohm in cannot be ignor- 
ed. However, €n also cannot be neglected. As low noise 
transistors currently available in the market have been 
manufactured with en S3.0nV//Hz (at f = 1 KHz}, 
ordinary low noise transistors can be used without any 
trouble but low base resistance-low noise transistors 
may be used. 

In the case of FET, Super High gm FET is 
considered best when gain is considered. 


3-3 EO amplifier and main amplifier 

In selecting EQ amplifier and main amplifier, 
frequency characteristic as well as noise must be 
caretully checked. As mentioned above, in the case of 
transistor, @p is less than 3.0 nV/s/Hz and therefore, 
products of low capacity (low Cob) using low noise 
transistor with well suppressed i, (good NV standard) 
are advisable, 





3-4 High impedance amplification 

On buffer amplifiers using such high impedance 
elements in. excess of several M ohm as electrostatic 
induction element, it is difficult to use transistor from 
a viewpoint of input impedance and in, and FET is best 
after al . 

However, when impedance is at this high level, in 
must be taken into consideration. So, It is advisable 
to add gate leak current IG to the review items for 
selecting products of low gate leak current. 

Further, it is also necessary to pay attertion not ta 
allow high supply voltage. In the event that high 
supply voltage is required, P-channel FET may be used, 
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Fig, 10 NEC Bipolar Low PrequeneyE Low Noise Transistor Family 


| = —— _ 5 ie . 
Character. | Absolute Max. Rating | a ‘Electric Charact risti 


| istic | hee (note 1) 
| \N classification 
| Product* | Vce=6.0 V, 


Name = Vii sues 0 mA) 


oD 
ih 
o 
—! 
= 
5 | 
— 


Reproducing head amplifier 
fs Ts 4 Other low impedance amplification 
| eS ee fi ‘EQ amplifier | 
iO ere ena 
.| Other Hi-Fi stereo low noise 
80 | 600 | U.E, FP sriaiheation 


| Low noise differential amplification 
| Active load 


TO-92° 
Lead) | 





Note 1: hfg standards P: 200 — 400, F: 300 — 600, E: 400 — 800, u: 600 — 1200 


Fig. 11 NEC Low Frequency-Low Noise FET Family 
















Charac- Electric Characteristic 


dl (note 1) 


Produc\, | IDSs clas- 
Name | imW) sification 


sae [=e | | | compa [oo] 
aces] ws [ao feuunl se] wo | = 


=e ese temeerlatetee td = 
Zok 194 A400/ K, L, M 75 
unit 


u PAGBH 250/ K, L, M, N 
| unit 


Note 1: loss standards 
2344, 2SK163, uPAG8H (Vps=10 V, Ves=0) 
K: 1.0~6.0 mA, L: 5.0~10 mA, M: 9.0~14 mA, N: 13~18 mA 
25K 162, 25K 194 (Vps=5.0 V , Vgs=0) 
K: 5.0~12 mA, L: 11~18 mA, M: 17~24 mA, N: 23~30 mA 








Features and Main Uses 










Complementary use is possible, 
Various kind low noise amplifications. 
High impedance amplification, 
















Super High gm with low noise, 
MC head amplifier, reproducing head amplifier. 
A pair of 2SK 162, 
Eq and main amplifier initial stage, 
















1 chip point symmetrical construction with 
excellent pair performance. Optimum product 
for use at initial stage of main amplifier, 
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APPLICATION NOTE 


NEC’S ELECTRONIC TUNING VARACTOR DIODES 


Radio receiver sets equipped with PLL frequency 
synthesizer are frequently seen today for car-radios, 
car-stereos, home-use stereos, radios with audio cas- 
sette, and TV _ receivers. Varactor diodes are the 
essential elements for these sets. In the early stage of 
their development, the diodes suffered from large 
variances In capacitance variation and Q value, low Q 
values, and high cost, thus limiting their use for 
consumer appliances. Recently, a rapid advancement 
in semiconductor technology has enabled varactor 
diodes to have much improved characteristics and 
has freed them from the above mentioned demerits. 
This document describes features, principle of opera- 
‘tion, and precautions for use of varactor diodes. 


1. FEATURES OF VARACTOR DIODES 
A varactor diode is characterized by the junction 
capacitance of a reverse-biased PN junction. This 
junction capacitance is inversely proportional to the 
exponential of the reverse bias voltage. 
The use of varactor diode for electronic tuning 
has the following advantages. 
(1) No mechanically operated tuning element such as a 
variable capacitor is needed. 
(2) Miniaturization or light weight of sets is allowed. 
(3) Automatic or preset station selection is allowed. 
(4) Novel station selection techniques such as preset 
memory scan can be applied. 


Table 1 List of NEC's Electronic Tuning Varactor Diodes 


ee Fs 


Type Outer | 
dimension | Va(1uHA) | 
























29,0—34.0 pF 
23,0—36.0 pF 








Principal characteristics 





~CtIMAX.) | Ct(MIN.) | Ct(MAX.)/Ct(MIN,) 
1§2207(B) | Fig.1 | 25V | 9.5-14.0pF| 38-6.4 pF 
1§2208(8) | Fig.2 | 28V | 11-12.65pF | 2.0-2.3 pF Tuning in UHF and VHF bands 


| | Tuning in FM/VHF band 


(5) Remote control can be applied. 

NEC's electronic tuning varactor diodes includes 
many types of product covering ranges of UHF, VHF, 
CATV, and FM. Table 1 shows a list-up of the 
products and Figs. 1, 2 stows the outer dimensions of 
them. 


Cathode Side oe Marks 





25| [40 | |2, “tal 








Color Mark 1 Color Mark 2 


| ra MAX, 


Cathode Mark 


Type name is printed on the package. 


Fig. 1 










aS 
















Se es ee 


Tuning in UHF and VHF bands. 
Tuning in FM/VHF band 





AFC in FM/VHF band 
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o 
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i 


{ Cathode Mark 


Fig. 2 


2. PRINCIPLE OF VARACTOR DIODE OP- 

ERATION 

A varactor diode is, as stated above in Sec. 1, 
characterized by the junction capacitance at the 
reversely biased semiconductor PN junction. A junc- 
tion capacitance exists in the PN junction of PN 
junction diode or transistor. Usually this capacitance is 
unfavorable for ordinary use of diode or transistor. 
However, this capacitance is well utilized in varactor 
diodes. 

The junction capacitance Cj of a varactor diode is 
obtained from reverse bias voltage VR, junction 
capacitance Cg when VR=0, and contact potential @ 
across the junction by the formula. 


7 
Cy= Cg (1 +e) 


This relationship tells that the junction capacitance 
decreases exponentially with the increase of reverse 
bias voltage. The exponent y in the formula depends 
on the impurity concentration distribution around 
the junction and it has a value ranging from 1/3 to 2. 
The dependency of the exponent y on the impurity 
concentration distribution is shown in Fig. 5. The 
dependency of the junction capacitance to reverse 
bias voltage characteristic on exponent y is shown in 
Fig. 6, which demonstrates that a large yy will result 
in a large capacitance variation. 
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A. Graded junction type 


B. Step junction type 


C, Hyper-abrupt junction type 


D, Hyper-abrupt junction type 





Fig. 5 Dependency of Exponent y on Impurity Con- 
centration Distribution 


rab) 
5 A. ¥50.33 
bi 
‘oO 
a 
8 B. 730.5 
c : 
= 
E C. 21.0 
= - 
= 
D. 52.0 
; : 
Reverse bias voltage ———>— 


Fig. 6 Dependency of Junction Capacitance to Re- 
verse Bias Voltage Characteristics on Exponent y 


3. CAPACITANCE VARIATION RATIO 

Capacitance variation ratio N is defined as a ratio 
between the junction capacitances at two voltage 
values. It is expressed in the following formula. 


(V1> V2} 





_ Cylv2) (veg 
Cy(V1)\ Vere / 


*awhere Cy(V1) and Cy(V2) are junction capacitances 
at reverse bias voltages Vp of V1 and V9, respectively. 

The specified inter-terminal capacitance C;}(MAX. } 
in Table 1 is the value for VR=3 V. Care should be 
taken if the reverse bias voltage is further decreased 
for a larger capacitance variation ratio, because, when 
a signal of large amplitude is applied to the varactor 
diode held at the lowered reverse bias voltage, the 
diode might be forward-biased and a signal distortion 
might be produced. 

Since normally @ is small, the above formula can 
be rewritten as 


N 


_ Cy(MAX.) -( Vaan)" 


~ C(MIN.) — \ VR(MIN.) 


The range of tunable frequency with a varactor 
diode used as a variable capacitance in a tuning 
circuit is proportional to the square root of capacitance 
variation ratio N, provided that the floating capacitance 
can be neglected, Therefore, since a wider frequency 
range is expected for a large y, it is necessary to use a 
hyper-abrupt junction varactor diode with y=1—2 if a 
wide freqeuncy adjustment range is needed as in TV 
bands. 


4. EQUIVALENT CIRCUIT OF VARACTOR 
DIODE 
Fig. 7 shows the equivalent circuit of varactor 
diode. 





Fig. 7 Equivalent Circuit of Varactor Diode 


In the figure, 

Fp is resistance parallel to the diode, 

Rs is resistance series to the diode, 

Ls is lead inductance inside the diode, 

Ls is lead inductance outside the diode, and 

Cc is case capacitance. 

Since usually the lead inductance Ls and the case 
capacitance Cc can be neglected, the equivalent 
circuit diagram in Fig. 7 is simplified to a diagram 


~ 


shown in Fig. 8. 


Rp 


Rs 


Cy 


Fig. 8 Simplified Equivalent Circuit 


5. Q OF VARACTOR DIODE 
The Q of varactor diode will be obtained according 
to the equivalent circuit shown in Fig, 8, 
Rp U 


“Jeo 
Z=Rs db peomeetee 





Rp + 
P Jw 


RP 
1+ jwCjRp 


lI 





Rs + 


Rs +Rp+jwCyRpRs 





~ 1 +jwCyRp 
_Rgt+ Rp+w?Cy?Rp* Rg — jwCyRp? 
1+0*Cj*Rp 
we 
where 
,_ Rg +Rp+w*C?Rp? Rs 
i = 2 2 
1+ wCy°Rp 
and 
,. 1 +097 Cy? Rp? 
a 
wC Rp 
Therefore, 
] 
Q= 
wC'R 
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] 
a +*Cy?Rp?_ Ro +Rp +w*Cj?Rp*Rs 
wCjRp? 1+w*Cyj*Rp 
or 


9 = ——_eCuRp*? 
Ro +Rp+w?Cj*?Rp*Rs 


Since Ro<Pp in usual cases, QO takes the form 


ae wC Rp 
“1 +w7Cyj?RpRs . 


For very low frequencies where 1<w’Cj?RpRs 
holds, 

Q = Op = wCJRp, 
and, on the contrary, for very high frequencies where 
1€w*Cj? RpRs holds, 

Q5Qs= 1 

~  wCyRs 

This means that, when the frequency is increased from 
a very low value, QO increases proportional to the 
frequency up to a certain frequency, but, beyond this. 
frequency, O decreases with increasing frequency. This 
frequency corresponds to the condition 1=w?CJRPRs. 
:t is about 30 kHz with 1$2208(B) in which C)=9 pF, 
Rp=1x10'?Q,. and Rs=0.59, typically. Thus, in 
actually used frequency bands, Rp scarcely affects O 
and QO is approximated by 1/wCyjRs. Fig. 9 shows the 
QO to frequency relationship. 


Q (Logarithmic scale) 





Frequency (Logarithmic scale} 


(a) 
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270 #2350 100 200 500 1000: 
f—Frequency —MHz 


(ib) 


Fig. 9 Frequency Characteristics of Q 


Q is dependent not only on frequency but also on 
voltage and temperature. At higher reverse bias 
voltages, Q is large because the capacitance as well as 
Rs are smaller, On the contrary, at lower voltages, Q is 
small since the capacitance and Rs are larger, At 
higher temperatures leakage current increases (Rp 
decreases) to result in a smaller Q. Conversely, if 
temperature is lowered, OQ is raised, These natures are 


graphically shown in Figs. 10 and 11, 


Q (Logarithmic scale) 





Reverse bias voltage (Logarithmic scia) 


Fig. 10 Temperature Dependency of QO 










Q— Figure of Merit 


\ 300 400 600 1000 
f — Frequency — MHz 


00 
10 20 eh ae 


Fig. 11 Reverse Voltage Dependency of Q 


6. TEMPERATURE DEPENDENCY OF VAR- 

ACTOR DIODE 

The capacitance of varactor diode is dependent on 
temperature, The thermal coefficient Tc of the 
Capacitance is a function of reverse bias voltage. The 
coefficient of 1SV50 is 600 ppm/"C at VR=1V. 
This leads to a thermal coefficient —300 pom/ C ot 
tuning frequency, Without any temperature com- 


Cy — Inter-terminal capacitance — pF 





-55 25 0 +25 50- #75 #42100 «125 


Ta — Environmental temperature — °C 


Fig. 12 Temperature Dependency of Capacitance 


pensation, the thermal drift of —30 kHz/°C will be 
suffered at about 100 MHz. 
ture compensation using a capacitor or the like witha 
~300 ppm/ °C) is carried 
out to suppress the thermal drift to minus several 
kKHz/°C. 
synthesizer, the temperature compensation is auto- 


In actual cases, tempera- 


negative thermal coefficient (= 


In receivers operated with a PLL frequency 


matically carried out. No thermal drift problem is 


suffered in these receivers, 


f=1,0 MHz 
Ta=—25~ +75 “C 








Thermal cnefficient—ppm/°C 





Vecovne bias valtage—V 


Fig. 13 Thermal Coefficient to Reverse Voltage Char- 
acteristic 


7. CAPACITANCE DEVIATION IN VARAC- 
TOR DIODE BY RF SUPERPOSITION 
Since the capacitance of varactor diode generally 

varies nonlinearly with reverse bias voltage, the applica- 
tion of ac signal having a large amplitude on top of the 
reverse voltage causes the modulation of the capacitance 
by the ac signal and the capacitance deviation AC 
is produced with respect to the capacitance for a small 
amplitude ac signal. The magnitude of AC is dependent 
on the amplitude of the ac signal as well as on the 
voltage dependency of capacitance. The capacitance 
modulation by ac signal and the RF-superposition 
capacitance deviation to reverse voltage characteristic 
curve are shown in Fig. 14 and 15, respectively. 

This effect is marked especially when reverse bias 
voltage is low. Since this tendency is related to 
increases in tracking error and distortion, as small 
oscillation amplitude as possible is desirable. However, 
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too small an oscillation amplitude deteriorates the 
receiver sensitivity since the gain of mixer amplifier is 






+1.0 mien f=1.0 MHz 
i ee 


= Ace che x100 (%) 
ae Rt CL: RF level 20 m Vr.m.s, 
RUE ae e 
7 \e5-caeap 
i 
~0.5 Ee ae ae + 
| | | ! 


TTL 


i | 
0 5 10 15 20 25 
VR — Reverse voltage — V 






reduced. Furthermore the oscillation might be un- 
Stable. The application of the oscillator output to the 
mixer amplifier through a buffers amplifier is recom- 


CH: RF teve| 500 mVr.m.s. 











mended. This configuration is also effective to suppress. 
oscillator lock-in caused by a strong input. 


A — RF superposition capacitance — % 
deviation 





Average value of C 


Fig. 15 RF Superposition Capacitance Deviation to 
Reverse Voltage Characteristic 





) 
AC Signal 


Fig. 14 Capacitance Modulation by AC Signal 
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APPLICATION NOTE 


ZENER DIODE RD( JJS,RD({ JE,RD({ JF 
CHARACTERISTICS & RELIABILITY 


1. INTRODUCTION 

NEC introduced products of Zener diodes in RD[ ] 
Serigs early in Japan and then increased their product 
lines from RD[ JA to RD[ ]D. High reliability 
performance proved with our Zener diodes has been 
highly evaluated by the users in various application 
fields. 

NEC has added new product lines of DHD structure 
Zener diodes. They are: RD[ JE Series and RD[ JF 
Series, general purpose Zener diodes of 500 mW and 
1 W respectively, and RD[ ]JS Series, Zener diodes of 
400 mW with sharp V7-17 characteristics and low noise, 
At the same time, existing B Standard, in which Zener 
voltage tolerance is +5 %, is subdivided into By to Bg 
in order to meet requirements for narrower tolerance. 
Moreover, for RD[ JE Series, of general purpose 
500 mW Zener diodes, product lines which correspond 
to the subdivided B Standard at different Zener current 
conditions are added. They are L, Lj to L4 (@lz7= 
1 mA) and N, Nq to Nq4 (@I7=5 mA). 

The Zener 
product lines have improved reliability due to their 


diodes in these newly established 
planar type, small size and light weight realized by the 
DHD structure, and uniform quality as a result of 
improved mass production processes. They are, we 
believe, most appropriate for communications equip- 
ment, instruments, various industrial machines, and 
general appliances. 

Following sections explain their characteristics and 


reliability in detail for recommending users to use them. 


2. STRUCTURE 

The structure of this new product Zener diode is 
shown in Fig, 1. As can be seen in the figure, a Zener 
diode chip is squeezed between two lead terminals 
(heat sinks) and they are enclosed in a glass tube. 
They are fused at a temperature as high as 600 °C to 


800 °C and then cooled to be fixed, Expansion 


coefficients of the materials, or the terminals and 


glass, are properly selected so that the chip and 
terminias are, when cooled to a room temperature, 
strongly pressed. 

This Zener diode has, although it is very small and 
light weight, the feature St low thermal resistance 
because the silicon chip is cooled to both- sides 
by two heat sinks. 


Lead 
|— Heat sink 
“Silicon chip 


Glass seal (glass tube) 





Fig. 1 Structure of DHD Type Zener Diode 
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In the Zener diode chip, the peripheral portion 
of the PN junction has, as shown in Figs. 2(a) and 
2(b), a double diffusion structure. The breakdown 
voltage is higher at junction J9, where the diffusion 
layer is thicker, than at J1.~ Therefore, breakdown 
on a normal Zener current occurs only in main junc- 


tion Jj. Under normal operating condition, junction 
Jo is kept-at a voltage lower than the breakdown 


Electrodes 


an ote, 











(a)RD[ ] E Series, RD[ J F Series 





voltage of main junction J7 to permit flow of a slight 
reverse current. However, the junction is quite stable 
because its surface is protected by a silicon oxide 
(SiO9) passivation. This means that the Zener voltage 
is hard to be affected by the surface condition of the 


junction because breakdown occurs always at the 


junction J. 


T 
= 


Electrodes 






Oxidized silicon 
(SiO, ) 


(b} RD[ J] JS Series 


Fig. 2 Zener Diode Chip ~ 


In RD[ JJS Series, low noise and the sharp V7-|7 
characteristic are achieved by making the main junc- 
tion area very small, as shown in Fig. 2(b), increasing 


3. RATINGS AND CHARACTERISTICS 


1) MAXIMUM RATINGS 

Table 1 lists ratinas of these DHD structure Zener 
diodes in various series. The Zener diodes have, 
as has been described above, bigger heat radiating 
effect by lead terminals in comparison with glass- 
sealed or silkhat-shaped ones and the thermal resistance 


between the junction and ambient varies with length of 


leads and area of printed foil. 


Table 1 Maximum Ratings 





Items Symbols 


Power Dissipation 400 








Junction Temperature | 


| tsa | 


Storage Temperature 





surge Reverse Power 
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er 


RD[ JJS|  RD[ JE 





current density, uniforming the junction and reducing 
dynamic impedance which are achieved by the design 


of high dope. 


Fig.3 shows relationship between junction-to- 
periphery thermal resistance and printed foil area 
when packaged with lead length as a parameter in 
RD2.0E to RD120E Series. Fig. 4 gives P—Tg rating 
curves under actual packaging conditions obtained 
from data shown in above figures. (Ex; RD2.0E to 
RD120E) 

















(CWI 


Thermal Resistance Rt} 





Junction 
to ambient 


60 80 100 
Area of P.C, Board $ (mm?) 
Fig. 3 Rtp-S Characteristic (Ex; RD2.0E to RD120E) 


Power Dissipation P (mW) 


600 





ron matt 
| | INTNS : 









o@ 3 mm P.C.B. 
t=0,035 mm 





0 920 40 60 80 100 120 140 160 180 20C 
Ambient Temperature T, (°C) 


Fig. 4 P-T, Rating (Ex; RD2.0E to RD120E) 
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Fig. 5 shows reverse surge power ratings for RD[ ] smaller because junction area is small as mentioned 


JS Series, RD[ JE Series, and RD[ JF Series. Pay 
attention to that ratings in RD[ JJS Series are 


above, 




















| ff {?tfTttitt | | | |||] T =95°C 
a a ee Ei BEEBE 4 
me ee es eee 1 eT tT Tt 6 “Non-repetitive 
500) ii]. f. || | Pul  _| TtTriitt 
1 or ae [as es ae ol 
_ = q 
3 al =e | HEEL 
= 1 oO a aes es el i Ls el il as ee | {| | {Tf 
eae oe ms ee co eS See ee Sr Se Os | | 
ee Set 
a La SD eT OE OA RO CN ln RE a SC CD 
gg Seep peo 
: Fe ee ee ESHER 
a ae | ie eB 
e | TA mE 
“4 ppt pe ST neti 
wv | 
a es eee ee ee Se ee ee eee ee ee FT dT TET 
cc Ee ee ee ee ee eee ee eee : | | TEL 
le ee ea ae a fe = 
| te 21 a a i ke | CRA SR A el RN a CCPsy 
tt Se | i Phd et 
ees PTT TT] 
on eee Ht {tao jst ttt tt 
=< 9 | | ) = 
ie a 
al eT G0 ae ee es ee ee es 
10 uw 50n 100u 500 wu 1m 5 im 10m 5Oom 100m 


Pulse Width ty (5) 


Fig. 5 Prony Rating 


2) ELECTRICAL CHARACTERISTICS 
(i) Zener voltage (Vz) 
(a) Farnily 


Nominal voltage value of E24 Series is adopted in 
RD[ ]JS Series, RD[ JE Series (except RD130E to 
RD200E), and RD[ JF Series. For Zener voltages, 
a family of standards with nominal voltage value +5 % 


(6) Subdivided Zener voltage standards 

With Zener diodes used for the power source of 
electronic equipment, narrower Zener voltage tolerance 
has become demanded year by year in order to im- 
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is provided, Also, subdivided standards where voltages 
are subdivided into 2, 3, or 4 subdivisions of +2.5 % 
are provided. 


prove precision, make compact, and reduce cost. 
series of subdivided standards listed in Table 
2 have been established by NEC to meet this demand. 


Zener Voltage V7 


Table 2 System of Vz Subdivided 


RDI JE. 4 


=F 


RD[ ]JS 
Suffix B 


RD[ JF 

















Voltage ranges 





Subdivided Voltage ranges 


| Subdivided number | 
| 
| 


|7 conditions 








ATto 39 V 


| 10V,20V:4 divisions 
{oF 39 V : 7 divisions - | 


ee _ | i 
Suffix B,C | Suffix | Suffix N | Suffix B, C 

2.010200 V | | | 2.0t082 V 

~ 271089 V — 2.7%020 Wo --——— 

| 2.71039 V 













| 2703.9 V - 2 divisions 
A 31020 V : 3 divisions 








ee 


oe 


ee ese 








| =r aaa GEE) 
3 divisions 2? to39 V : 4 divisions = 4.31039 V 





3 divisions 








2 to 10 V: 20 mA} 
11to 20 V:10 mA\ 
221056 V:5mA 
62 to100 V:2.-mA 
110 to 200 V:1 mA| 


11 to 20 V: 20 mA 
5 mA 22 to 56 V:10 mA 
62 to 82 V:5 mA | 


mA 














ee | st ae ae se reer 
| 104 g 116 104 pg 11.6 
[}————---+} 
DC i] 2 i | 
10.4 3 11.6 | B 10.18 LN 11,38 10.22 ga 11.43 
aoe | Z 
10,18 11,38 | | | | 
Example | | 
By By. L1,N9 By 
est Ye | Pulse SI ——T.. ot ! = 
10.4 10,93 10,18 10,71 10.18 10.71 }O.22 10.75 | 
(40 ms) | 
Bo Ba Lo, Na B | 
Lin -— ) 2: 2 | 2 | | 
10,72 11,26 10.50 el | 10,50 11.05 | 10,54 a 
Ba | B L3,No B | 
11,05 11.6 | 10.82 11.38 10.82 11.38 10.87 11.43 
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(c) Zener voltage test method 
A Zener diode shows different Zener voltages rise; caused by the current and on temperature 
coefficients. Zener voltage test methods are specifiec 


for Zener diodes. Table 3 lists those test methods. 


in initial state of energizing and in steady state. - The 
difference between them depends on temperature 


= Table 3 Zener Voltage Test Methods 
a | Test Methods | 
Pulse (40 ms) 


Types 


RD2.0E to RD39E Suffix B,C aa 
RD43E 60 RD200E Suffix B a 
RD[ JE Suffix B, C (Subdivided) 

RD[ JE Suffix L & L (Subdivided) 

RD[ ]E Suffix N & N (Subdivided) 

RD2.0F to RD3QF Suffix B,C 

RD43F to RD82F Suffix B 

RD[ 1F Suffix B, C (Subdivided) 


RDI JS Suffix B & B (Subdivided) 





= ee tee = 











© Drift of Zener voltage 





Vz =Vztlz2-Vz-Zth (tt) Y2’ t, t’ Time (ms) 
Vy Zener voltage at t (V) 
¥7' = 12 Vz Vz’ Zener voltage at t’ (V) 
100 ly Zener current (A) 
Zh (t) Transient thermal impedance at t (°C/W) 
Zh (t") Transient thermal impedance at t’ (° CW) 
Zth Toe Zeh (t’) — Zth(t) ¢ CMW) 
yz Zener voltage temperature coefficient (%/°C) 
2 Zener voltage temperature coefficient (V/~C) 


© Zener voltage test circuit 
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Symbol mark 


<——$_~_ er Se 


Term 


2 


Constant voltage source 


Constant current source 


2 — ee 


Resistance 





=m: a - = 


D.C current meter 


nS 


Digital voltage meter (D.V) 


Sample 





(1) 40 ms, 1s method 


) D.C. method 





(d) Tables 4, 5, and 6 give Zener voltages under 
different Zener current conditions for RD[ JJS 
Series, RD[ JE Series, and RD[ JF Series. 

These tables are specially useful for Zener diodes of 
which Zener voltages are lower than 5 to 6 V because 
shifts of Zener Voltage at the different Zener Current 


become larger in those diodes. 








| OUT 


DUT 


In RD[ JE Series, Subdivided Zener Voltage Stand- 
ards L (L1 to L4) at 1 MA and N (Nq to Nga) at 5mA 
which are similar to the Zener Voltage tolerance of B 
Standard mentioned the above are provided. Utilizing 
of these Series is recommended as they are very 
convenient. 
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ae ee 


Table 4-1/2 RD[ |]JS Zener Voltage Subdivided 


Zener Voltage (V) Values for reference 






Type | Pulse 40 ms 
: Suffix +— 





Number 


Pata ee are 
LE Kime 
rar 
rai ara | aoe [460 | 496 | oo | 400 | ape | 504 | 
ag 2 Ne 
ee ee eee ee 
af ee [ae [oe [oe on | 6a 
Pes [67 | 70767 [7a] 6a | 712 | 606 | 744 
Par 700426 [700 [72 | 703 [73s | 708788 
porsss [ex | 792 | 762 | 7a | 786 | 725 | 787 | 728 | 760 
pea [ ras [776 [748 [ reo [ 70 [rar [rae 7a 
rai 7ee [aor | 770 | e068 | 773 | a07 | 776 
noezis [e2 | 70a | aa” | 796 | aa | 798 | eas | 002 | 096 
vss 610 | ess | oz | aso | oz | soo | 023 | Gos 
s\_| sas eos [sao [om [esi [soo [ese [sso 
ras e059 | a6 [908 [ooo oxe | o16 [ons 
vei_[-ea [975 [935 | 902 | om | 903 | 005 | 067 
RDION ref eae [ame [oer Doma Dae far a 





a 
il 











ci 






eee C—O > Eo 
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Table 4-2/2 RD[ ]JS Zener Voltage Subdivided 


Zener Voltage (V) {_____]] Values for reference 
| Type Pulse 40 ms | 

Number | is Iz =0.1 mA — lz=1mA | ig=5mA 
B2 || 10.63 | 11.07 11.16 11.22 
11.10 Elo. 4 


B3 | 1095 | 11.41 11.50 
B1 || 11.28 11.81 11.83 11.90 














é 
he 
alee 


AD11JS 








RD12JS 


OO 
h 


B3 11.92 
oa 
12.74 


13.19 


12.94 


RD13s | B2 
3 
Bi || 136 

B2 || 1414 _— 


B3 «||s«14.64 15.36 


) = | 
= 


09 


13.84 
14.34 


14.98 


RD15J$ 14.85 


E ia08 | 1558 
| 81 || 15.14 | 15.84 15.18 | 15.86 


See NS ———— ee 


1485 | 15.52 





16.3/ 16.01 


Bt 
| BQ 


20.39 
21.08 


RD20JS 





18.21] 


| RD22JS 


_ OO 
SS SS a SS 


25.26 | 24.14 





RD24JS 


rp 
: 


B3 
Bt 
~ B2 
B3 
B1 
B2 
B3 





d 
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Table 5-1/3 RD[ ]E Zener Voltage Subdivided 


Zener Voltage (\V/) Values for reference 


Type Pulse 40 ms 


1.89 | 2.10 


| 202 | 02 





82 1.80 


220 






lee 






















295 | 3.07 
3.22 
3.38 | 
3.68 


89 = 2.30 
1.83 2.00 200 | 218 | 222 | 241 | 
| 208 | 210 | 228 | 233 | 252 
Par [an [a8 [ae 
200 [a0 


183 3 258 | 
2.49 2.70 2.72 
__ oe 298 | -3.03 
oe Lat) 288 | a am 
[| 291 | 315 | 352 | 377 | 378 | 403 | 405 | 426 
imo [4a 
0 426 | 448 || 447 | 4.65 
| 4i5 | 440 | 438 | 460 | 459 4.77 
| 4.16 485 | 5.1! 





———— rs es es ee ee 





“ 
ee) 
i 


| B1 | 
ALS. Oe 
a B? | | 


= J 












| 474 | 469 | 510 | 485 | 515 | 497 | 5.18 






RD5.6E | B2 5.46 


5.29 
B3 577 | 558 | 585 | 561 5.88 564 | 5.88 
BI 5.75 605 «| «6581 | 606 
res [60s | 637 | coo] es | 62 | em | ox | 60 
rer [s20 | eso | "20 | es | oz | os7 | oar | oo 
ree [ex | om] eas | a | ear | or” | esa | 670 
as [cess | 2 | 66s | oo | 00s | a5] 0m | cor 


fs 
~J 
~~] 
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Table 5-2/3 RD[ ]E Zener Voltage Subdivided 


Zener Voltage (V) Values for reference 
Pulse 40 ms 


rap wee [rar [a 708 
para es rae me aT 


eee = 
Bt : 8.27 
Past[ om fa 
o | 11.84 | | 
ee ee 
iz aa ee Pa 
13.34 | 1329 | 13.40 | 14.03 13.48 | 14.09 | 
Paar [eae [aaa sae 
Tes [see — 15.88 15.33 | 15. 
15.68 | 16.42 | 
a ac 














Type 













Suffix 


"e 





Number lz = 20 mA 























ee 
ho 





9.90 
10.30 








* 









OO 
Ci 


ho °3 NS 





HD16E 


lale 
On 
a} © 
Oo; & 





Bele i —— Oo, a Ss 
BA 








BE 
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Table 5-3/3 RD[ ]E Zener Voltage Subdivided 







Zener Voltage (V) Values for reference 
Pulse 40 ms | 

a 
eC 
ee 2076 [2105 | 

sf avee [are [aiae [oa [OP 
[208 | 208 | 2226 | a] | | -+| +s 
2 [sr 2580 oe eee a same eee 
aE 
4 | 2 
| 
| 















| lz =?0 mA 
MIN, MAX. 





= 
4S 





2419 | zaz0 | aaa7 | | | | 

2e7 [mar | mer | | | | 
aac | wea | 246 | ee 
ara [2506 | 2407 | 2626 | | | it 
a 
Pea | 2605 | aaa | 2620 | oe (| | +i| 
Per | 267 | 26.16 | 2600 | a | | | | 
come (P| 2742 | mano | 70 | | | | |__| 

es | 2000 | 2950 | 20a [mea | | | | 
ves | 2078 | coz | aor [os | | | |_| 
Perf 236 [ses [oe [am |] | | | 
se | sooo | ser | aosz [ase [| || 
rea | sose | -s2za | sos | so] | | -+| 
Pea | see | ee | oo [oon | | | | 
Tar fare [mae [au [ae | | | |_| 
Pee | as | wre | oro | wo | | | | 
ves _[ sa0e [aaez [asao fare [| | | ‘| 
rea [sees | o506 | oaor | oem [| || +i 
PT 
a A 
Pes | seo | 7m | a600 | ve | | | | 
Pea | v6za [sere | oes | ese | | | | 
Pes | soe [soos | aras [om | | | | 
Pes [ver [wr [em [aon | | ~| 
Per [ese [wows fasoe [wom [fT 
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Table 6-1/3 RD[ ]F Zener Voltage Subdivided 


Values for reference 
Pulse 40 ms : 
| 
af Pao a am 
pa ee fe a 
poor Hee te [te [tes ft 
car paar [se ie [20s | a ee 
rem fa Pia ia [ae few a 
ae 
pozst ap fae [76 [ies [an | 
Cerf ise | 105 [216 | 2 | |] 280 | 276 
nh fe Pie ie Pee fee Pa Pa 
ad 8 2.08 2.42 2.71 2.83 3.07 
197 2.31 2.71 (3.00 3.13 
2.50 7o/ 3,34 3.68 3.73 
)}RD4.3F 


2.79 Pan 3.69 <a 
me 
83 
wet 
| 82 
res | 3 

re 
RDS.1F | B2 || 3 
83 | 
8 iL 
| e2 | 4 
| 83 | 
| 
82 
| 83 
Bt | 
cai 








Zener Voltage (V) 










| Type 


Number | 

















MN 
co 
on 


—— ————E—E—E—————E—_————_——— ——————— 


Case [ass ae 
3.08 aa A 
300 ee 
? so 
¢ [aoe [ase [are | [ace fa 
ee 
a 
a. as 
a 
LE 7s A 
ee 
a 








Ww 
ams 


42 





| RD6G.2F 


i _ SS SS Ss sy es ee Se ss SS 


RD6.8F 


on 


ts 
= 





Se | 


a 
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Table 6-2/3 RD[ ]F Zener Voltage Subdivided 


Zener Voltage (V) 


Pulse 40 ms 


Values for reference 

































Type 
Suffix 






| Number 2 = 4) 
MAX. =| MIN, 


6.93 


| min. | MAX. MIN. MAX. 
EE: 








— 


B2 





775 | 21 | 7a | 820 | 
eso |_| 
— 


9.00 8.56 9.03 


57 | 908 | 961_| 
Tes | sas | aso | 992 | 


oO OO OS Oo == 


B3 
B1 
B2 | 





| 


CO |} GO | © 
hm] — | Go 








2 


| RDIOF 


i017 [1078 | 1022 
roa 3002 | 1040 | 11.05 | 1054 
| 








B3 

—-B2 
B3 
BI 
B2 
B3 
Bi 
B2 
B3 





oO OOOO OO" n—__ aT SS OS SO OS OS OL 















RD15F 
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Table 6-3/3 RD[ ]F Zener Voltage Subdivided 


Zener Voltage (V) Values for reference 






Pulse 40 ms 


acc as 
oS et ce oe 
ie be ed ee eran 
Pai | voce | 1906 [vais v9.13 | 1326 [v0.21 | 
movor [2 | 1078 | 1075 | res | 1060 | 1099 | 1091_| 
fe fae[am [oe [ane fame 1 
Psi] 2028 [ari | 2035 | zs | mas | me | _ 
sone [oa [moo [zor [aio [a [ano [ee [ 
RD27F 





rf 











22.35 Tee [aes aes [ee Poe fT 
24.6 
Cee oe Me Ree 
a ee eee ee eet 
poor [a2 | 7999 | 292 | 2040 | s000 | 2064 | a010_ 
ee eee 
me cE wee ae ee 
RD33F 
| 
[3476_| 96.76 | s007 | sar | asso | ron | | 


Paina [me [as | mes | aa [moe | | 
eae 
RD39F 








SSS 


Ce wk oe 
e2 | seco | sare [3500 | wao | ara | moa [| 
res [ves | «oso | 37s | ee | 13 | wa | | 
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(ii) Temperature coefficient of Zener voltage (yz) 
The temperature coefficient of the Zener voltage 
somewhat varies with the type of PN junction and 


coefficients of Zener voltages in RD[ ]JS Series, 
RD[ JE Series, and RD[ .JF Series. 


junction area, 


Fig.6 and Table 7 give temperature 












aos ae ae AB 
a 
Pn 


| a 
PICT ee 
a LS Ptr 


0.02) 





—~0,02 





ra 


Zener Voltage Temperature Coefficient ¥, (%/° C) 


pr cna pat. 


(a) RDO[ JJS 


Zener Voltage Temperature Coefficient ¥z (%/°C) 


—0,04 


(b) RD[ JE 





—0.06 


0.10 





Ni 1 mA 


Oe a a ini I-=0.1 mA Ht 









Zener Voltage Temperature Coefficient ¥z (%/°C) 






| ee 


Fig. G yz-Vz Characteristics 
(*) Vz: Refer to Table 4, 5 and 6. 
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Table 7 Vz Temperature Coefficients (TYP.) 







ADI JE Series | RDI IF Series RD[ ]JSSeries 




































Temperature Temperature Temperature 
Types | Coefficients of Vz | Types | Coefficients of V7 Types | Coefficients of Vz 
yz TYP. (%/°C) ¥z TYP. (%/°C) ¥z TYP, (%/°C) 
0.080 ~RD4.758 | -+0.007,_ | 
0.018 
10.028 
RD2.7E | +0.036 
3.63 
[ RO3.36 | 0086 —~«|~=ROSSF | 0. 40.048 
“ROS.6E ~ 0.064 RDB.2IS | _+0.053_ 





RD3.9E ~0.048 RD9.1JS 


—RD13JS 

-RDI5JS | 
RD16JS 
RD18JS 
RD20JS 










_RD36JS | 
RD39JS a3 





[RD 1008 
[AD1108 


RD140E | 


TRo160E | 


| 


| RDI70E | 


RD180E 
| RD190E 40.117 
| RO200E 


Note: |7 : Refer to Table 4, 5and 6. 
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(iii) Dynamic impedance (27) 

Fig. 7 shows comparison of dynamic impedance 
among RD[ JJS Series, RD[ JE Series, and RD[ JF 
Series. In RD[ ]JS Series, where the junction area 


is small, the dynamic impedance is lower in the low 


es SX NSS 


SE) ai, 


Dynamic Impedance Zz (2) 





current range and in RD[ J]F Series, where the junc- 
tion area is large, the dynamic impedance is lower in 


the larger current range. 


BS by ee Te a, <i Ba Sco oo 
SSSR at 
SR Rls: Se ee ee 


THT SESS Bi 


— | 
a 


100 


Zener Current I7 (mA] 


Fig. 7 Comparison of Zz-lz Characteristics 
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(iv) Reverse current (IR) 

In Fig.8, comparison of Zener voltage vs.Zener JS Series, the Vz-lz characteristics are obviously 
Current (reverse current) characteristics among RD[ |] sharp in comparison with those in RD[ ]E Series and 
JS Series, RD[ JE Series, and RD[ ]F Series are RD[ JF Series. 
shown. On Zener voltages below 5 to 6 V in RD[ ] 


100 m 


10m 


100 yw 


10 p 


Zener Current iz (A) 


10n 





Zener Voltage vz (V) 


Fig. 8 Comparison of Vz-l7(IR) Characteristics 
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iv) Noise 

Noises occurring in semiconductor devices are 
generally divided into the thermal noise, flicker noise, 
and shot noise. 

The thermal noise occurs irt all semiconductors and 
is generated by irregular motion of the carrier. 

The flicker noise has a peculiar spectral distribution 
proportionat to 1/fa and is known to be generated by 
the surface effect in a semiconductor device. (a is 
nearly equal to 1 in general and this noise is so called 
‘'1/f noise”’.] 

The shot noise is independent of frequency in low 
and medium frequency ranges (white spectrum) and is 
caused by the local flicker of the carrier density 
in a junction, 

Types of noises in Zener diodes differ according 
to the current (current density) flowing thru them. 
Generally, with Zener diodes, the noise decreases. 
with increasing current density to a certain degree and 








Shot noise region 


Noise 


Thermal noise region 





Low noise region 





Current Density 


Fig. 9 Noise-Current Density 


(vi) Mechanical strength 
(a) Tensile strength 


Figs. 12 (a) and 12 (b) show tensile rupture test data. 


(b) Compressive strength 
Figs. 13(a) and 13(b) show strength when pressure 
is applied in a direction perpendicular to the axial 


(vii) Overpower withstanding 

Fig. 14 shows results of breaking tests with RD[ JE 
Series when step power is applied for atime longer than 
10 ms. 
10 us to 10 ms have already been explained. For 


Surge reverse power ratings for short time, 
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1073] 
> 

er 

ke aio 

En : Noise voltage 4 
Ai : Current fluctuation - 
Zz: Dynamic impedance 3 
3 

ra 170° 
=< 


Fig. 10 Equivalent Circuit of Noise 


with still higher current density, it goes into the 
thermal noise region and.is increased as shown in Fig. 
9. Noises of Zener diodes can be considered as those 
of an equivalent circuit shown in Fig. 10 which 
indicates that Noise en is the function of the dynamic 
impedance. 

As has been mentioned above, in RD[ ]JS Series, 
the low noise design is achieved by making the main 
junction area very small, increasing the current density, 
and uniforming the junction, and by reducing dynamic. - 
impedance by means of achieving high dope. 

Fig. 11 shows noise vs. Zener current characteristics 
of RD[ JJS Series in comparison with those of 
RD[ JE Series. 





12346567 8 9 10 
Zener Current |, (mA) 


Fig. 11 RD[ JJS Noise Characteristics 


direction of a device. 


RD[ JE Series, breaking is caused by power four 
times (£=10 mm) and six times (£=5 mm) the rating. 
This shows that the ratings have sufficient margins. 


Cummulatite’ Fraction Defective (%) 


Cumulative Fraction Defective (%) 


@-:: Glass body breaking 
*- Lead breaking 
_30 S. Weight t 


| @--- Glass body breaking 
x: Lead breaking 
30 s, Weight 


Cummulative Fraction Defective (%) 





Weight (kg} Weight (kg) 
(a) RD[ JE,RO[ JJs (b) RO[ JF 
Fig. 12 Lead Tension Rupture Distribution (Example) 








Carbon hard —<— 
steel 


Cumulative Fraction Defective (%) 





8 10 20 30 40 
Pressure (kg) Pressure (kq) 


fa) RD[ JE,RD[ JJs : (b) RD[ JF 
Fig. 13 Body Pressure Rupture Distribution (Example) 


seneees22e pe tee 
Saeco MP ae 











C} 5A = 70 mA step 
(1 step 30 min.) 
is Attached to P C. 


Cumulative Fraction d Defective (%) 
G3 
oO 


1.0 ; 2.0 3.0 
Pz (W) 


Fig. 14 DC Reverse Power Rupture Distribution (RD[ ]E Example) 
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4. RELIABILITY 

Tables 8 and 9 list results of the reliability test for 
DHD structure Zener diodes. High reliability of diodes 
in RD[ JE Series, RO[ ]F Series, and RD[ ]JS Series 
has been proved in communitations, civil, and light 
industries since they were introduced in the market. 

Fig. 15 shows the defective occurrence index of 
the Zener diodes in fields. ; 

A Zener diode has greater percentage of overpower 
breaking because its impedance is small in the break- 
down region and the defective is that of short circuit 


caused by short-circuited loads incidentally occuring 
in assembling and adjusting processes, To decrease 
occurrence of this type of defective, it is necessary to 
carefully handle devices in assembling and adjusting and 
besides increasing PRsjq withstanding is another 
method for that. 

The diode of RD[ JE Series and RD[ JF Series 
types has larger PRS withstanding and small thermal 
resistance, therefore employing these diodes is ad- 
vantageous as a Countermeasure against this defective. 


Table 8 Environmental Test 


Conditions 


RD[ JE Series | RD[ JF Series 


ltam 





RD[ ]JS Series | 
Ts=260 °C, 10s 





Soldering Heat 

| Temperature Cycle . 
Thermal Shock - 
| Vibration 





20G, 60H;, 1H 
1500 G, 0.5 ms 


20000 G, 1 min. 


| 


Operating Life 
High Temperature 
| Lite 


Bad 






Vz out ‘ 
Mixed etc, 
Initial failure 


: 


IR failure 







Tg=—-65 °C to +175 ae) 5 cycles 
Ta=0 °C to +100 °C, 5 cycles 


appearance 


Over power 
breaking 


Samples Failure 
n Cc | 
















5 times 


~ Conditions (1 000 H) 
RD[ ]JS Series | RD[ JE Series L RD JF Series 
P=500 mW 









Fig. 15 Modes of Defective Obtained from Field (Jan. thru Nov. 1981) 
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5. APPLICATION 

Table 10 lists uses and current ranges of Zener circuits, level shift circuits, and high impedance surge 
diodes. RD[ JE Series and RD[ ]F Series feature absorption circuits RD[ J]JS Series is optimum. You 
great surge power and small size and light weight and are, however, requested to consult us before designing 
they are suitable for constant-voltage, constant-current circuits employing the diodes because sharpness of 
power sources, clipper, limiter, slicer, fixed bias level Vz-lz characteristics, dispersion of Zener voltages on 
shift, and surge absorption circuits. For low level low levels, and stability of voltages vary with Zener 


“(1z=1 to 100 yA) constant-voltage, constant-current Voltages. 


Table 10 Application Zener Diodes 


Pp ROE WS | ROE RDL_IF 


Application (*) l = 
Suitable} Current Ranges | Suitable 

Constant Voltage 10 wA~IZ MAX. , © - 
10 wA~IZ MAX. | 


Constant Current 


Waveform Clipper 
Limiter Slicer 
Level Shift 

Fixed Bias Level Shift | 
















we 
Current Ranges 






Current Ranges Suitable 












= 


10 pA~IZ MAX. | 





100 uA~l7 MAX. 
| 100 HA~IZ MAX. | 
O~!7 MAX. 








© 
| Om~IZ MAX. A MAX. | 
10WA IZMAX.| © | 10HA~IZ MAX. 100 BA~IZ MAX. 
PA | nts | © [ols 0~ISM 

Notes: (*! © Very suitable 

©) Suitable 


A. Please consult up when using 









Surge Clipper 


Examples of Circuits 


Constant voltage 
Level shift 


Wed an VV 





Constant current Fixed bias level shift 


ham fon alo 


Clipper Limiter Slicer Surge clipper 


Clip 





if 
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EXAMPLE OF Po=3 W PURE COMPLEMENTARY OTL AUDIO 


APPLICATION NOTE 


POWER AMPLIFIER CIRCUIT USING JE9000 SERIES 


GENERAL 


This paper describes an example of Po=3 W (maximum 
output) pure-complementary OTL audio power ampli- 
fier using epitaxial silicon transistor JEQOO0 series. The 
amplifier is composed basically of the initial stage, driver 
stage, and the output stage in 3 stages. The first stage 
employs JE9014 (NPN), the driver stage employs 
JE9015 (PNP), and the output stage employs JE8550 
(PNP)/JE8050 (NPN). 

JE8550/JE8050 are complementary types having char- 
acteristics equivalent to each other, except that their 
polarity differs as PNP/NPN. 

These transistors are TO-92 mold type. Since these tran- 
sistors employ copper alloy for lead frames, their total 
loss ‘‘P+"’ is large. In addition, their hEE do not lower to 
a large current range, and their collector saturation volt- 
ages VCE(sat) is low owing to the chips designed for 
low-voltage large-current use. Accordingly, they can ob- 
tain a large output even when they are employed in a 
low-supply voltage amplifier. 

It should be noted, however, that this circuit example is 
merely an experimental example, and accordingly, 
neither deviations nor temperature characteristics of 
parts have been fully examined. 


CHARACTERISTICS 


DC 14 V ~ 22 V (Refer- 
ence voltage 18 V) 

- RL = 8 ohms 

- Po = 3.0 W (@ f=1.0 kHz, 
T.H.D. S 10 %) 

- 100 Hz~20 kHz (—3 dB) 
_T.H.D.< 10% (@ f = 

1.0 kHz, Po = 3.0 W) 
: Avf 2 40 dB 
: Rin 2 10 kQ 


1. Supply voltage 


2. Load impedance 
3. Maximum output 


4. Frequency range 
5. Total harmonic distortion 


6. Voltage gain 
7. Input impedance 


CIRCUIT DESCRIPTION 


Refer to Fig. 1. 

Assuming that the maximum output be 3 W, the power 
gain in the output stage becomes about 16 dB ~ 40 
times. Accordingly, a driver output Po’ of higher than 
75 mW is enough. Let Ic? be the collector current of 
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transistor Q9 in the driver stage. Since Q9 belongs to A 
class operation type; 


Po’ 1/8 (2 le2-Vec) -. lea = 4Po'/Vec (Vcc = 18 V) 
Ic? becomes 16.7 MA, . leg = 17.7 mA. 
Collector current Ic1 of transistor Q1 in the initial stage 
is necessary to be five times the base current Ig of Q9. 


lo1 ~ 5IB2 = 5lce2/NFE2(min) 


Assume hFE2(min) = 60, and Ic7 ~ 1.5 mA. 

It is necessary for reducing the crossover distortion to 
flow an idle current to transistors Q3 and Qg in the out- 
put stage even when no signal enters. 

A suitable idle current is about 2 ~ 6 mA in JE8550/ 
JE8050. 

If this idle-current is too high, it may cause thermal run- 
away when supply voltage increased. If it is too low, on 
the contrary, a crossover distortion may be produced 
to deteriorate the total harmonic distortion when the 
output is small. 

If the idle currents to two B-class push-pull transistors 
differ from each other, one transistor having a lower idle 
current controls the crossover distortion. Accordingly, 
the idle current should be higher than 2 mA to this tran- 
sistor. 

In addition, since the other transistor having a higher 
idle current may cause thermal runaway, the idle current 
should not exceed 6 mA even in case of the transistor ta 
which the higher idle current flows. 


Note 1. The dispersion of idle current is almost determined by 
the dispersion of he¢e of Q3 and Qa. In this circuit 
constant, the idle current ranges within 2 ~ 6 mA at 
hee ranks B ~ D of Q3 and Qg. If the idle current is 
not within the above range, adjust R7. 

Note 2. It is necessary for obtaining the maximum output to 
set the neutral point potential to about 1/2 of Vcc. 

In this circuit example, the neutral point potential 
ranges within 1/2 Vcc +5 % even when hee of Qy 
changes over a range of 60 to 1,000. If this neutral 
point potential is largely deviated from 1/2 Vcc, ad- 
just Ry, and it can be placed within the specified 
value. 


SLON NOILVOMIddvV 


%d AO AIdNVXS 


SSalIdsas OOOG6AF SONISN LINDYID Y3IiSsINdWNV 


YSAMOd OIGNVY 110 AYVLNAWSIdNOO 3SYNd ME 


am a a a a a rrr errr ce 


(When Ry increases, the neutral point potential de- 
creases. When Ry decreases, the neutral point potential 
increases. ) 

It is necessary for transistors Q3 and Qg in the output 
stage to mount an aluminum heat sink of exceeding 
70 mm x 70mm x 2 mm using the mounting fixture, re- 


spectively, as shown in Fig. 2. 
It is recommended to apply grease to the heat sink to 
obtain a good radiation effect. 
This mounting fixture may be substituted by a similar 
fixture or a radiation fin, since its dimensions are not 
strictly specified. 





Q,: JE9015 Ry: 56k% C1: 2.2 uF 
Q5: JE9014 Ro: 33 kn Ca: 220 pF 
Q3: JE8050 R3: 470 2 C3: 330 uF 
Q,4: JE8550 Rq: 8.2 2 C4: 15 pF 
Di : VD1120 Rs: 1kQ 
" Rg: 470 2 
VD1123 R7: 152 
Fig. 1 Circuit Diagram 
Note 1. R7: Resistor for adjusting idle current 
Note 2. Ry: Resistor for adjusting potential at neutral paint. 


1179 


For details of notes 1 and 2, refer to the text. 
Transistors employed (hFE rank} 


Q,: JE9014 (A ~ D) Q3: JE8050 (B ~ D) 

Qs: JE9015 (A ~ C) Q4: JE8550 (B ~ D) 
Currents when no signal enters. 

Q14: 1.5mA ~ Q3:2~6mA 

Q9: 17.7 mA Q4:2~6mA 


Thickness t=0.5 
Unit: mm 
Material: lron or copper alloy lead 





Fig. 2 Heat sink mounting fixture (Radiation fin) 














at ptt tat 


aca —t tet 
0.01 0,03 0.1 6.3 1.0 
Po — Output Power — VV 





T.H.B. — Total Harmonic Distortion — % 





Po = Output Power — W 


Fig. 4 Total Harmonic Distortion vs. Output 
Power 








Vin — Input Valtage — mV 


Fig. 3. Output Power vs. Input Voltage 
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Current vs. Supply Voltage 





1181 





NEC 





APPLICATION NOTE 


TYPICAL AUDIO AMPLIFIER WITH A CONTINUOUS 
OUTPUT POWER OF IO W 


This application note introduses a 10 watt audio 
amplifier which consist of a preamplifier designed to 
operate at +22 V and main amplifier att22 V, 

Fig. 1 


amplifier, 


shows a system diagram of the audio 


RIAA equalizer 
36 dB (at 1 kHz) 







from Magnetic cartridge 


CK 
(3 mV 


from Tuner 


(100 mV) Loe 
from Tape head O 


(100 mV? Balance 





attenuator 


In order to obtain specified output 10 watts at 8 2 
load, the maximum input voltage should be more than 
1.5mV since the total voltage gain through a pre- 
amplifier and a main amplifier is designed about 76 dB. 


‘~ 


Tone control 






Output (to RL=8 Q) 


Power amplifier 
(40 dB at 1 kHz) 


Fig. 1 System Diagram of a Audio Amplifier 


1. PREAMPLIFIER 

The RIAA equalization elements of C5, Cg, Ra, R19 
shown in Fig. 2 should be chosen the values of such 
time constant C5R9, C5R19Q and C6R 19 as 3 180 ps, 
318 ws and 7/5 ws respectively so as to obtain the 
accurate RIAA equalization. 





Mant iad 
c 


Re 
100 k= Ra 10 k 


Or, C 
G01 7 2200p 





The ratio R1Q/Rq determines voltage gain in the 
medium trequency range, which is selected to give about 
36 dB in this circuit. The capacitor C? connectec 


between the base and the collector of transistor Qj is 


used to prevent parasitic oscillation, A 10k92 load 
resistor is used in the measurement of characteristics. 
Woe 
2422 V 
22 2. 16 ¥ 
ae] y) ‘ 
y OUTPUT 
Wa 
2 R7 | G, 
a | 
33.216V 
680 rg 


717 se 


(Resistor :& ) 
iy F; 


A 


ae ye 
(Capacitor : 


QO1:+ 2801842 or LE9014 
QO2:+ 25C945 or JE9014 


S90 k 3d k 


Ag 


Pia 


Fig. 2 Circuit of a RIAA Equalized Amplifier 
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1-1 Frequency Response Characteristics The values for R4 and Ry1Q are chosen to be 510 
Fig. 3 shows open loop frequency response and RIAA and 33 k&2 respectively to deliver 36.2 dB voltage gain. 
equalized curve, The voltage gain in medium frequency The values for C5, Cg, Rg and R19 are also chosen as 

range is determined by the ratio R7Q/Ra. follows. 
C5=0.01 uF, Cg=2 200 pF, Rg=330 kQ, R19=33 kQ 


oop on 














| Sau Rag ‘ 
Mims ii 


100 10 k 100 k 


Gy— Voltage Gain--dB 









f'— Frequency — Hz 


Fig. 3 Frequency Responce 


1-2 Input ws. Output Voltage 1-3 Total Harmonic Distortion Characteristics 
Input vs. output voltage characteristics are shown Fig. 5 and 6 show total harmonic distortion vs. 
in Fig. 4. output voltage. The harmonic distortion is minimised by 
The maximum input voltage is about 60 mV. negative feedback loop gain which is proportional to 


hfe products of transistor Q1 and Q9. This indicates 
that the best way to give minimum distortion is to select 
the transistors whose hfe ranking is the highest. In Fig. 
5 and 6 the worst and typical characteristics are shown 
respectively. 
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Vo --Output Voltage—V 














Vo =< Input Voltage—-mv¥ 


Fig. 4 Output Voltage vs. Input Voltage 
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T.H.D.- Total Harmonic Distortion 
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~~ oi | | 
|] 7 t= 10 kHz | | | | 


T.H.D.- Total Harmonic Distortion 





Vo —Output Voltage~ V Vo — Output Voltage—V 


MA 


Fig. 5 Total Harmonic Distortion vs. Output Voltage Fig. 6 Total Harmonic Distortion vs. Qutput Voltage 
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2 200 p 0.01 « 
A i #—|e 


af}. —VW\— 
22 u/16 Vv 33K 330k 


~ 33 4/16 V 
+-{he o—_—\\\—e 
FE 
* 
mm (or 
| Gy é 


22 V 


Ground 








Power supply 


Fig. 7 P.C. Board_of a Preamplifier 


2. MAIN AMPLIFIER 

As shown in Fig. 8, this circuit is designed to operate 
under a +2? V power supply. 

The output stage consists of a pure complementaly 
symmetrical circuit employing plastic power transistors 
which have excellent linearity of hFE characteristics. 

This output stage contributes to decrease harmonic 
distortion, 

The optimum idling current which give mininum 
crossover distortion is designed to be 20 to 30 mA. 

if the idling current is designed less than, the value, 
crossover distortion increases when low input voltage is 
delivered. On the contraly, if the idling current is over 
the value, it Causes unnecessary power consumption that 
may lead thermal runaway. 

The idling current is adjustable with a potentiometer 
Rg connected between the emitter and the base of 
transistor Qq. 

Current limitting circuit is contained in this am- 
plifier. 

When the current is overflown by irregular operations, 
resistors R75 and R76 are fully biased to turn on 
transistors Qg and Q1Q so that all of the power 
transistors Q5, Qg, Q7 and Qg are cutoff. And as the 


fuse is blown away by the irregular current, all of the 
power transistors are safely protected. 

A power transistor should be bolted or clamped to 
an appropriate heat sink which may be fashioned 10cm 


by 8 cm aluminum plate with 1.5 mm thickness, 


2-1 Frequency Response Characteristics 

Fig. 9 shows frequency response characteristics. 

The circuit is designed to obtain about 72 dB voltage 
gain in medium frequency range at open loop, and 40 dB 
at closed loop. The negative feedback gain in medium 
frequency range is about 30 dB, and 20 dB at 10 kHz, 

Tnis means that the harmonic distortion in high 
frequency is worse than that in medium frequency 


range. 


2-2 Frequency Response of Tone Control 
Circuit 
Fig. 10 shows frequency response characteristics of 


tone control circuit, 
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aaa 
input Oe + . — =F ~ = 
Loe fuse 


01,92 :2SA990 or JE9015 
03 : 2509450 JE9014 
Oq + 250945 or JE9014 


QO, : 280571 
Og ° 2568605 
Q? «280794 
unit Qa : 258744 
/Resistor .i) Q9 : 250945 or JEGOI4 
Qig :2SA733 of JEGOIS 


LCanncitor -} 
D; Dp : 1SS53x2 


Fig. 8 Circuit of a Main Amplifier 


TTT 
SLO Set mH 


Gy— Voltage Gain--dB 





t— Frequency— Hz 


Fig.9 Frequency Response 


1186 


Gy —Voltage Gain-dB 


f —Frequency — Hz 


Fig. 10 Tone Control Frequency Response 


2-3 Total Harmonic Distortion Characteristics 
Fig. 11 and 12 show total harmonic distortion vs. 
output power. The harmonic distortion mainly depends 
on the hfe balance between complementaly transistors 
used in driver and the power stage. 
The characteristics for a 82 load and 4Q load 
are shown in Fig. 11 and 12 respectively. 


2-4 Power Bandwidth Characteristics 








Fig. 14 and 15 show power bandwidth characteristics 


fora8Q load and 42 load respectively. 
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Fig. 11 Total Harmonic Distortion vs. Output Power 
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Fig. 12 Total Harmonic Distortion vs. Output Power 
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Po— Output Power —W 


Fig. 13 Total Harmonic Distortion vs. Output Power 


T.H.D.- Total Harmonic Distortion — % 


‘Total Harmonic Distortion — 4. 
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Fig. 14 Power Bandwidth 
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APPLICATION NOTE 


TYPICAL MAIN AMPLIFIER 
WITH A CONTINUOUS OUTPUT POWER OF 20 W 


1. GENERAL 

This circuit is a typical main amplifier of a 
continuous output power of 20 W (for 8&2 load) using 
uni-hole package power transistors (MP-25) 2SB703 and 
2SD743 with wide safe operating area (SOA) for its 
output stage. 


3. DESCRIPTIONS 


100 2/25 V 919 1SS53 13353 







i+ 51 
RD12E — 
3.6 k 
2.2H/16V 
INPUT @=34 2.8 k 
56 k 680 


2. DESIGN OBJECTIVES 

Vcc= +25 V 

Load Resistance Sy 

Po=20 W (T.H.D.< 0.05 %) 


Power Supply Voltage 


Continuous Output Power : 

Power Bandwidth 
T.H.D<0.05 %) 

Voltage Gain 


=8 £2) 
Input Impedance Rinzb0 kQ 
Rated Input Voltage Vjin=0.7 Vir.m.s.) 


Q; 2SA991 ) 


Q> 2SA991 J or HPA75V 
Vee’ =+25 V Q3 2SA992 
0 Q4 28C1449 
Q5 2SC1845 
Qg 25C2003 
Q7 2SA954 
Qg 280743 
Qg 2SB703 


Qig 25C945 
2 er 0.5 2/5 W Q1; 2SA733 

10 2/2 ) 

6 O.52/ 3 , 
et 5W 10 2/2 


, 


Unit 
R: & 


4 
oVec =—25 V C 


Fig. 1 Application Circuit 


note 1) 
note 2) 


Firmly glue Q4 to heat-sink with silicon grease. 
Mount Qg and Qo, each ona heat-sink 100 mm x 100 


mm x 2? mm approximately. 


Fig. 1 shows the application circuit, It is an orthodox 
amplifier composed of a differentially operated first 
stage amplifier, a predriver with an active load, and a 
pure complementary output stage of Darlington con- 
nection, 

In higher frequency region, the power supply im- 
pedance largely influences on the characteristics. Since 
the current flowing through the voltage amplifier stage is 
smaller than the current through the output stage, 


1190 


note 3) All the data shown in the diagram are based on the 


measured characteristics of transistors with hfe of 
medium rank. 


the supply voltage of the voltage amplifier stage is 
varied with signal level if common feeding is employed. 
Therefore a separate feeding from the power source to 
the output stage and the voltage amplifier stage should 
be observed. 

Furthermore, too long a power supply line to the 
output stage induces a collector voltage fluctuation 
through power supply impedance and causes an impair- 
ment of emitter follower action. Short and thick power 


20 Hz —20 kHz (Po=20 W, 


Av=25 dB (RG=6002, RL 
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supply line is essential. 

The power transistors on the final stage are protected 
by Q 19 and 074. The protection characteristics are 
shown in Fig. 2. 

If a pure resistanc® of 8 $2 is connected as a load, the 
protection does not go into action. But, the equivalent 
impedance of speaker is not purely resistive, and, hence, 
the circuit can even misoperate, 

In such a casé, some countermeasure is necessary, for 
example, the insertion of a small capacitance capacitor 
between the base and the emitter of Q719 or Q77. 

Fig. 3, 4 and 5 show the frequency response and the 
total harmonic distortion due to application circuit (Fig. 


1). 











ST 


Ic—Collector Current—A 





Vce—Coilector to Emitter Voltage—V 
Fig. 2 Safe Operating Areas 
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APPLICATION NOTE 


TYPICAL APPLICATION OF S3SK74 TO VHF 
TUNER RF AMPLIFIER 


1. GENERALS 

3SK74 is an N-channel MOS field effect transistor 
developed principally for RF amplifier and mixer of 
VHF tuner. 

The transistor has the following features, Because of 
the dual gate structure, its feedback capacitance is very 
small (0.03 pF typical), and, due to its low input 
impedance (1.6kQ typical at 200 MHz) and its large 
gm (20 mS typical), yfs/Yrs is large. So the transistor 
works very stably and a high power gain is obtained. 
Its noise figure is very small, too. 

Furthermore, it has an excellent low voltage operating 
and can be used safely in a low power supply voltage 
circuit. 

The following descriptions will explain the character- 
istics of 35K 74 applied to RF amplifier of VHF tuner. 


2. APPLICATION TO RF AMPLIFIER 


The characteristics to be considered generally in RF 


amplifier include stable gain, noise, AGC characteristic, 


and cross modulation. 


2-1 Stable Gain 

The maximum available gain (MAG) of an element is 
defined as the gain obtainable when the unidirectional 
use and the input/output matching of the element are 
perfectly achieved. In actual difeute any design can 
hardly attain MAG practically. The concept of stable 
gain is therefore introduced here. It is a power gain 
obtained in a circuit containing feedback component by 
considering the performance stability. The stability 
index s of element itself is defined through the follow- 


ing formula, 

1+ cos (@¢ +f) lyrl-lyel 
where @is the phase angle of y parameter. 

When the stability index s of element itself is such 
that s<1, the stable gain is equal to the product of MAG 
and s. (When s~1, the circuit works stably regardless of 
input/output matching conditions. } 

The stable gain will be calculated below by using the 


actualy parameter of 3SK 74. 


unit: mS 
@ Vps=10V 
= ee Voas= 5V 
0.62+)5.67 | 0.314)2.73 ip. = 107A 
IviZ@ | 5.7052838 | 0,0192-620 | 224182246 | 27442835 f =200MHz 





(Data are measured with products whose Vf, values are typical.) 


_ 2 SG 
T+cos (gr+@f)” |¥r|-[¥¢| 


= ee eee . _0.62-0.31 - 0 a5 
I+cos(—62—24.5) 0.019-22.4 
__lyel 2 22.42 | 
bt eee _ A 
49j-do 4x0.62x0.31 653 ( 28.19 dB), 
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and 
stable gain =MAG xs, 
(Gp)s = 653 x 0.85 = 555 (= 27.4 dB). 


The result tells that a stable power gain of 27.4 dB 
would be obtained. 


However, in an actual circuit, the O’s of the loads to 
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the input/output tuning circuits are adjusted in order 
to get the bandwidth required to the circuit. This. 
ad ustment adds an insertion loss in the tuning circuits, 
and, hence, the measured value of gain is usually lower 
than the calculated stable gain. 

Fig. 1 and Fig. 2 show the measured values of power 


| Vos=10 V 
VG2=5 V 
Ip=10 mA 





Que 


Gps—Power Gain—dB 
ND 
Oo 





NF-Noise F iqure—dB 


| | | | 
123 45 6 7 8 9 10 11°12 
CH—Test Channel (VHF; 





Fig. 1 Power Gain and Noise Figure vs. VHF Channel 


Fia, 3 shows about value 


05 -}---7y--Ss 


Gp/Gp(max, 


O56 , 
0.85 


——— 


Fig. 3 Stability Index 


Thus, it is shown that a very stable and high power 
gain is obtained. 

When 3SK74 is used in an RF amplifier of electronic 
tuning type tuner, the unloaded O of the tuning circuit 
is depressed and the insertion loss is increased as com- 
pared with a capacitance type tuner because a variable 
capacitance diode is used in the electronic tuning circuit. 

The insertion loss in the tuning circuit using a variable 
capacitance diode will be obtained in the following 
manner. Assume the tuned capacitance as 10 pF and 
's=0.5 22at 200 MHz. Qo, of the variable capacitance 


diode is 


Gp(max) 





gain of RF amplifier using 3SK74. The figure gives Gps 
of 22 dB at about 200 MHz. The stability index of the 


circuit is calculated as 


Gp ‘158.6 (=22dB) _ 
= 653(=28.15dB) O° 


VG2=3 V 
IDp=10 mA 
__ f=200 MHz 








Gps—Power Gain—dB 








0 5 10 
Vps—Drain to Source Voltage—V 
Fig. 2 Power Gain vs. Drain to Source Voltage 


5; Stability index 
for the entire circuit 


ee Stability index obtained with 


the actual circuit 


1 Stability index of element (s) 


] ] 

OC wCrs  2xx200x10°x10x107!2 x0.5 ac 

When Qo of L used in the tuning circuit is assumed 
140 (which is a value obtained with an R-X meter at 200 
MHz), the Qo of the. tuning circuit takes a value 
189x140 _ 5 | paanital 4 
150+140 ~ 74.4. When Q, of the circuit is 13.3 (for 
3dB bandwidth of 15MHz and at 200 MHz), the 
insertion loss of the tuning circuit using a variable 


capacitance diode ts calculated as 


a QOL Tascan | 
20 log (1 Q,) = 20 log (1 sag) = 71-71 0B. 
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On the other hand, for a tuning circuit using a 
capacitor with Qo of 1000, the similar calculation leads 
to Qo of the tuning circuit which Is 


1000 x 140 


1000+ 140 128. 


and the insertion loss which is 


20 log (1 a3 = —].0 dB. 
122.8 
The difference of the insertion losses of the both 
types of tuning circuits is 1.71 — 1.0 = 0.71 dB which 


means that a larger loss is expected in the tuning circuit 


(Termination 
Impedance) 





g* and we* are equivalent admittance of 50 2 
and 14 pF series-parallel converted, respectivel 





having a variable capacitance diode. 


2-2 Noise Characteristics 

Fig, 1 shows the noise figure (NF) of 3SK74. NF at 
about 200 MHz is 2 dB. 

Generally the condition for. the minimum NF is 


Jsc>>gj (input conductance of element). This condition 


does not coincide with that of power gain matching. 
(The power gain is 22 dB when NF is 2 dB.) 

Fig, 4 represents the input circuit at 200 MHz and for 
NF of 2 dB. 


14 pF 
50 2 —— 3 


y. 
—_ 


Fig. 4 Equivalent Source Admittance and Impedance 


The signal source admittance in this configuration is 


calculated below. 


ae 1 1 

23-9 * jot 

~\ 2 2 
Jee, tec) g? + (wC)’ 
g Jw 


a (2xmx200x10°x14x10—1?)*x20x10 ~* 
(20x10 ~3)2 + (2xmx200x10°x14x107!2 )? 


(20x 1073 )?x2xx200x10° x14x10!? 


Pi LR SE a Oe 2 
(20x10 73 )2 + (2x7%200x106x14x107!? }* 


=8,73x1073 + J9.9x 1073 = 8.73 mS + j 9.9 mS 


This value is stepped up by L to the signal source 
admittance seen from FET of 
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. 25 
(8.73x10 “9 + j 9.9x1073 )x(] 2 = 3.41x1073 


+ j 3.86x1077 


= (3.41 mS + j 3.86 mS} 


! 


Os Dg 


The real part of the result leads to the signal source 


1 
impedance 0 —_—_—_———— SO= 
ago 


2-3 AGC Characteristics 

Among AGC characteristics, AGC range and AGC 
sensitivity are important, AGC range is expressed by 
the difference of power gains for the maximum 


sensitivity and for the maximum attenuation. The gain 


attenuation capability of an active element reaches its 
limit at the point of equivalence of forward transfer gain 
and reverse transfer gain. 

Fig. 5 shows the AGC characteristics of 3SK74. The 
figure demonstrates “that the AGC range is 468 dB. This 
large range is obtained in virtue of a very small feedback 
capacitance due to the dual gate structure of the FET. 

- ‘ee sensitivity is defined by the amount of control 
voltage required for obtaining a certain amount of 
attenuation, 

Since AGC of 3SK74 is a reverse one, the AGC 
sensitivity is almost determined by the pinch off 
voltage of Gate 2. The insertion of a source resistance 
can raise the AGC sensitivity at a reasonable VG? 
(VAGC) value. 

Fig. 5 shows the AGC characteristics with and 
without the source resistance: Rs. 

Tr | 7 7) oy Vpg=10 V 


» | | f=200 MHz . 
| io.) eed oe ee eee 


| — 
ml ji - 


Sa a 





f= F ——=—<—<—$$_—_—$_ J ———— —+ 
| eS eee —eeEeeeEeEEee 
e-- RAs=220 1 
| = Without As 
| | +++ With Mari-Cap Di for 
| input/output Tuning 
Circuit and Rs#220 2 


Gps—Power Gain—dB 


a es 
| 


ea eee 
Lai | | NF | 
= | (Without Rs) | 





bo ko os ood 
NF —Noise Fiqure—dB 


oo — 


—2 (0 2 4 6 8 10 
VG25—Gate 2 to Source Voltage—V 
Fig. 5 AGC Characteristics 


2-4 Cross Modulation Characteristics 

Fig. 6 shows the cross modulation characteristics of 
35K 7/4, 

Because of a quasi-square transfer characteristics 
which are inferent to FET, the cross modulation at a 
small AGC voltage is for superior to that of bipolar 


transistor, Also, the remote cutoff transfer character- 





istics resulted by the dual gate configuration permit na 
deterioration of cross modulation even for a large AGC 


voltage. 











DESIRED 60 dBuV/50 ©, 200 MHz 
IUNDESIRED 188 MHz, 1 kHz AM 30 % MOD 
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ft TTT aA tT 











. «-Rs=200 2 
ao Rs=510 2 


RG—Gain Reduction—dB 






60 70 80 90 4100+ = «110 
Vu—Undesired Signal Level—dBueV/509 


Fig.6 1% Cross Modulation 


Fig. 7 to 9 provide data with which the dependence 
of the cross modulation to the biasing condition of the 
FET are estimated, Fig, / shows the relationship of 
Ip to VGis with VGas as a parameter. Load lines. 
coresponding to the source resistances of 50, 200, ana 
510 2 at VGi1=2 V are drawn in the figure. By using 
the load lines, VGis for any VG9s is obtained. Then 
Jm is obtained from Fig. 8 (gm vs. VG1S). Fig. 9 shows 
the gm to VGas characteristics when the FET is 
operated of the load lines for source resistances of 50, 
200 and 5102 at VG1=2 V. The cross modulation 
variations for these operation conditions are demon- 
strated in Fig. 6, 

As the result, it can be said, in general, that the cross 
modulation will depend on the source resistance as 


schematically shown in Fig. 10. 
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Ip—Drain Current—mA 





“1,0 10 20 3.0 
VGis—Gate 1 to Source Voltage—V 


Fig. 7 Drain Current vs. Gate 1 to Source Voltage 


Qm—Forward Transfer Admittance— ms 





“10 O 10 2.0 
V¥G15—Gate 1 to Source Voltage—V 


r 


Fig. 8 Forward Transfer Admittance 
vs. Gate 1 to Source Voltage 


Therefore, in order to improve the cross modulation 
characteristics at a large AGC voltage, a larger source 
resistance and a smaller Ip are desirable when the 
distortion produced by FET tends to be deteriorated at 
a larger AGC voltage, and, a smaller source resistance and 
a larger Ip are desirable when the distortion produced 
by FET tends to be ameliorated at a larger AGC voltage, 
on the contrary. . 

35K 7/4 belongs to the latter. But, too small source 
resistance should be avoided because, at a small source 
resistance (about 50 92), AGC sensitivity is inferior and 


much more power is consumed. 
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Gm—Forward Transfer Admittance—mS 





VGas—Gate 2 to Source Voltage—V 


Fig.9 Forward Transfer Admittance 
vs. Gate 2 to Source Voltage 






Rs=200 2 


Rs=50 2 


(Cross modulation characteristic 


curve will shift vertically with the 
source resistance: Rs variation) 


CM—Cross Modulation 


Vu—Undesired Signal Level 


Fig. 10 Cross Modulation Characteristics 


Concurrently, the appropriate biasing condition for 
3SK74 is assumed to be VG 1=2 V and source resistance 
of 220 2 at Vps=10 V. The cross modulation charac- 
teristic will then be; 

at full gain, undesired signal level of 

94 dByuv/50 Q, 

at 30 dB attenuation, undesired signal 

level of 95 dBu'v/50 $2, 
at the desired frequency of 200 MHz and the 
undesired frequency of 188 MHz, 


2-5 Characteristics of RF Amplifier Using oO AGC Range......-..---- 48 dB 





35K74 (AGC voltage.-...-»5 to —1 V) 
The characteristics of 3SK/4 used in the circuit : at 200 MHz. 
shown in Fig.11 are summarized, with regard to O Cross Modulation 
items up to2—4, ~ at full gain 94 dB wv /50 2 
© Power Gain (Gps)............... 22 0B at 30 dB attenuation 95 dBuv/502 
(stability index of circuit ..-... 14.2) for fdes. = 200 MHz. 
at 200 MHz. fundes, = 188 MHz, 1 kHz 
© Noise Figure (NF)... 2 dB at 200 MHz AM 30 %.modulation, 
35K 74 AT 
| 100p 
ac ~ OUTPUT 50 
INPUT 502 
f=200MHz 
'. Unit 
VAGC Vppi10Vv) R:2 
Cee 


Fig. 11 Application Circuit 
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APPLICATION NOTE 


TYPICAL APPLICATION OF 3SK74 TO VHF TUNER MIXER 


1. GENERALS 

3SK74 is an N-channel MOS field effect transistor 
developed printipally for RF amplifier and mixer of 
VHF tuner. 

The transistor has the features that, because of 
dual gate structure, its feedback capacitance Is very 
small (0.03 pF, typically), and, due to its low input 
impedance (1.6 kQ typically at 200 MHz) and its large 
gm (20 mS typically), its yrs/yrs is large and very 
stable. Hence a large power gain and a very small noise 
figure are obtained, In spite of a demerit that, when 
FET is used for a mixer, a large local oscillation signal 
injection level is needed for obtaining a satisfactory 
conversion gain since its gm is smaller than that of 
bipolar transistor, the merit of large improvement in 
intermodulation characteristics is expected as a sub- 
stantial one, 

The following description will explain the character- 


istics of 3SK74 used for mixer of VHF tuner. 


2. APPLICATION TO MIXER 

In an application of a FET to a mixer (MIX), it is 
expected that the intermodulation and the spurious 
signal are largely reduced because its transfer character- 
istic iS Quasi-square as contrasted to the characteristic 
of a bipolar transistor. However, it is necessary to boost 
the local oscillation signal level because the gm of FET 
is small. Usually, a dual gate FET is used in either of 
two ways: Gate 1 input — Gate 1 injection, and, Gate 
1 input — Gate 2 injection. Fig, 1 shows Ges vs. local ir- 
jection level characteristics (conversion power gain). In 
Gate 1 input — Gate 1 injection type, the smalier is the 
injection capacitance, the larger is Ges) On the other 
hand, in Gate 1 input — Gate 2 injection type, the larger 


is the injection capacitance, the larger is Ges. 
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RF =200 MHz, wha BON 
| fosc=2735 MHz LO. 
iVps=10 V 
Ip=5 mA 
an a ee + : 
—— e : 





we 












20 


Ges—Conversion Gain—dB 


Vose—Local Oscillator Level—dBuV/50 2 


Fig. 1 Conversion Gain vs. Local Oscillator Level 


These situations can be illustrated below (Fig. 2) by 
interpreting the dual gate FET as the equivalent cascode 


connection of single gate FET’s. 


" T. Pt IF OUT 
7 
h 


a’) 


O——9--——+ | Baas 
e1G | IF OUT 





SLON NOILVONIddvV 


VLHSeE AO NOILVOIIddV WWOIIdAL 


YSXIN YANNL AHA OL 





\F OUT 4 


~ | 





LOCAL | LOCAL 


Fig. 2 Interpreting the Dual Gate FET as the Equivalent 
Cascode Connection of Single Gate FET’s ‘ 


a) represents a Gate 1 input — Gate 1 injection type oscillator transistor.) This is equivalent to the Q- 
which is equivalently grounded through the injection dumping of the input tuning circuit with Re (im- 
capacitance and the output impedance of the local pedance of the capacitance) and Ro (output 
oscillator. (In the experiment, an SG has been used - impedance of local oscillator} as shown in a’). 
for the local and, hence, the termination impedance Therefore these R's should be so increased that they 
of the SG was 5609. In an actual circuit, the can be ignored. This requires the smallness of the 
impedance will be the output impedance of local _ injection capacitance C. (Refer to Fig. 3.} 

35K74 


13T a7 a 


; | Z IF OUT 502 
1000p 5= _ > ; = 
| a | 






RF IN (-) 3 | 
Cy —I- | | — 
502 \~’ 4T | 1000p ||F— | 
| \ | j 
| = 
| ~20p ff | 220 ~ ft | 
1 a | ] 20p | 





| | | 4000 Unit 
10000 | ian 1000p * . 
Sm | bm al 
LOCAL IN 
502 


Fig. 3 Gate 1 Input — Gate 1 Injection Type Mixer Circuit 
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b) represents a Gate 1 input — Gate 2 injection type. 
Gate 2 must not be perfectly RF-grounded because 
Gate 2 should receive local signal. In this configura- 
tion Gate 2 is equivalently grounded via the injection 


Capacitance and the output impedance of the local 


3SK74 


RF IN 
9022 





wt Tod 
VU 


VG1 





oscillator, and these grounding impedances affects the 
feedback capacitance and, hence, Ges. In order to 
have a large Ges, it is necessary to use as large 
a Capacitance as possible so that the impedance can 


be ignored. (Reter to Fig, 4.) 


1000p 


3T 100p | 
J)IF OUT 502 
1000p 
RFC 
1000p idee 
R: 2 
C: F 


Fig. 4 Gate 1 Input — Gate 2 Injection Type Mixer Circuit 


Another measure can be conceived that, for ground- 
ing Gate 2 with regard to IF, an IF trap is inserted. 
But experiment has shown that the measure was not 
so effective. 


Fig. 5 shows the Gog vs. VG? and Ip characteristics. 


20 












fRF=200 MHz, 80 dBuV/50 2 
fosc=235 MHz, 120 dBuV/50 2 
Vps=10 V VeavsGes, | 
fip"10mA}} = fovs Gesiv¥ger5 VI 








Gcs—Conversion Gain—dB 


Ip—Drain Current —mA 
VG2s5—Gate 2 to Source Valtage—V 


Fig. 5 Conversion Gain vs. Drain Current and Gate 2 to 
Source Voltage 
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In Gate 4 input — Gate 1 injection type, Ges is not 
so affected by VG? when V G7 is kept constant. Also, 
if VGa is fixed and VG71 is varied to vary Ip, the Gcs 
change is rather slight. In Gate 1 input — Gate 2 
injection type, Gcs experiences a rather large effect of 
VG2, with VG1 Kept constant. However, Gcs does not 
largely depend on !p variation caused by Vg 7 shift. 
Summaries of the above described results are shown in 
Table 1, which 


demerits of both Gate 1 input — Gate 1 injection and 


lists the characteristics, merits and 


Gate 1 input — Gate. 


Table 1 Comparing with Gate 1 Injection and Gate 2 Injection Type 


CIRCUIT TYPE MERIT 


DEMERIT 

q) Relatively small dependence  Gcs is smaller compared) Gcs=12,4 dB 
with that of Gate 2 in- | 
| jection type 


| on biasing (VG? and Ip). 
| GATE 1: INPUT 
GATE 1: INJECTION 


=e (the load for the local osci- 


7 


(2) The smaller the local injec- 


tion capacitance, the better | 


llator transistor is the 

lighter). ~ 
Intermodulation 
= 63 dB (Refer to 
Fig. 6] 


Ges is larger compared with 4) Relatively large de- |Gcs=16.4 dB 


| that of Gate 1 injection type. pendence on biasing 
GATE 1: INPUT i 
GATE 2: INJECTION | 


| 


(VG and Ip). | 
|| ntermodulation 
= 60 dB (Refer to 
Fig. 6). 


The larger the local 


injection capaci- 


(the load the local 
oscillator transistor 


| 
tance, the better 
is the heavier). 


fae1y=199.5 MHz 
fF 9=200.5 MHz 
fosc=235 MHz, a dBuV/50 2 


hi f 
Vai i 
co2ae 


100 


ayn 
YA 7 


OUTPUT LEVEL 


Wok 
LO f/ _, 
7 4 a 


Vo—Output Level—dByuV/50 2 





150 
Vi—Input Level—dBuv /50 & 


Fig. 6 Intersept Point 





| CHARACTERISTICS-— —~~-— --————— | 
| TESTCONDITIONS _| 
a 


\Vps=10 V, VG2=3.0 V 
‘Ip=5. OmA 

fRF= =200 MHz 

| fosc=236 MHz,120 dBuV/50 9 
| 

[3 

|Cinj=1 .O pF 

| 

fr F7=199.5 leo BuV/50 2 
ifRF2=200.5 MHz 

| fosc=235 MHz,120 dBpuv/50 


|Same Conditions as above 
lexcept that injection capaci- 
tor: Cinj=33 pF 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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Based on the data on Table 1, Gate 1 input — Gate 1 
injection type circuit system is recommended for the 


practical MIX tunner. (Refer to Fig. 7.) 


SSK 74 


1p 


LOCAL IN 
502 \ 


RF IN 
50 






al 
Vps(10V) 


Fig. 7 Useful Mixer Circuit 
(Gate 1 Input — Gate 1 Injection Type) 
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TYPICAL APPLICATION OF 
RF AMPLIFIER 


1. GENERALS 

The 3SK87 is an N-channel MOS field effect transis- 
toft.developed principally for RF amplifiers of UHF 
tuners. | 

By virtue of a dual gate configuration, the transistor is 
provided with a small feedback capacitance (0.02 pF 
typical) and a large g,, (22 mS typical) and, hence, a 
large Yfs/Yrs. Therefore it works very stably and yields a 
high power gain. 

The 3SK87 is the FET designed also for providing 
tuners having A/2 distributed-constant type tuning cir- 
cuit with excellent characteristics. 


VGos 


Hone TI 


Vpop (10 VI 
C 





INPUT 
50 22 


eo 


1s2208°P 


APPLICATION NOTE 


SSK87 TO UHF TUNER 


The following sections will describe the characteris- 
tics of 3SK87 Used for RF amplifiers of UHF tuner. 


2. APPLICATIONS TO RF AMPLIFIERS OF 
UHF TUNER . 


The circuitries for RF amplifiers of UHF tuner can be 


categorized into two classes: one is A/2 distributed- - 


constant tuning circuit and the other is A/4 distributed- 
constant tuning circuit. The circuit system here reported 
is the electronic tuner of A/2 distributed-constant tuning 
type. which is relatively insensitive to the effect of Ciss 
of elements. Its circuit diagram is shown in Fig. 1 






OUTPUT 


50 2 . 
Unit 


C: 


R7=33 kQ 
R9=1 kQ 
R3=47 kQ 
Ly~4=18.5 nH 
Cy. g=2~15 pF 
Ca, 5=11 pF 
C3, 4 30 pF 


Fig. 1 Application Circuit 
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The biasing condition is assumed that Vpp = 10 V 
and Ip = 10 mA, Approximately. The value of VG1s for 
Ip of 10 mA is, as indicated by Fig. 2, 0.3 V when 
Vas is 4 vnote 1} 


Ip — Drain Current — mA 





—0.5 0 +0.5 
VG1is — Gate 1 to Source Voltage — V 


0 
—1.0 £10) 


Fig. 2 Drain Current vs. Gate 1 to Source Voltage 


note 1) Fig.2 is valid for Ings of 3.5 mA (Typical). 

The resistances of the biasing circuit are concurrently 
determined as: 

R71 = 33 k&, R2= 1 kQ, and R3 = 47 kQQ. 
Since R71 and R23 serve also for the protection of gates 1 
and 2, it is safer to select them as large as possible. 

The next step is the determination of tuner constants. 
(f = 470 — 890 MHz in U.S.A. channel standard) 

The input tuning circuit can be illustrated as shown in 
Fig. 3. 


Input 


50 22 





*° 


Fig. 3 Input Tuning Circuit 


In the drawing, Cz denotes a variable capacitance 
diode with the capacitance of about 2?—15 pF. (In the 
present case, 1$2208 is used.) Lg and Cy should be 
determined so that the receiving frequency range of 
470 — 890 MHz is obtained finally for the variation the 
capacitance. Two resonance points are obtained since 
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the tuner shown is of A/2 distributed-constant type. 
The resonance frequencies are given by the follwing 
formulas. 


a sla 


a ae 
F asi + 
we Lo Cy La Go 


Since the parallel resonance is used in general, the actual 


(series resonance). ........... (1) 


(parallel resonance)... . (2) 





resonance frequency is given by eq. (2). Usually Co 
should be selected much larger than the element input 
capacitance. For example, if Co? is determined to about 
11 pF, it is almost five times as large as the input capaci- 
tance which is typically 2.5 pF. This means that, if the 
element input capacitance is changed because of temper- 
ature or power supply voltage fluctuation, the total ca- 
pacitance of Co and the input capacitance is shifted not 
so much and, consequently, the stable circuit action 
results. This feature is one of the characteristics of A/2 
distributed-constant tuning circuit. 

When the values of Cj and assumed C9 are put into 
eq.(2) together with the receiving frequency, L9 can be 
calculated. The expression can be transformed as: 


LS ae ee eee 
pp, Vb 2 ZEIT 
| ta? (2 x mx 900 x 10°)? 
= 13.5 nH, 


where Cy = 2 pF, Co = 11 pF, and f = 900 MHz. Also, 
when frequency is calculated by using L9 (18.5 nH), Cy 
(1& pF), and C9 (11 pF), through the transformed ex- 
pression of eq. (2) as 


1 : 
| gee ae an 
EB G; ioc 








ed 
2 
ae x 10°? x 15 = 1078? ’ 18.5x 10° x 11x 10°! 
? ott ee 
= 464 MHz 


Therefore, the constants of the tuner for the receiving 
frequency range of 470—890 MHz are: 

l9=18.5nH, Cy=2—15pF, andC2=11pF 
The next step is the determination of the constants of 
the matching circuit to match the input and output 
impedances of the element signal source and load imped- 
ances. 

For that purpose, the information of input and out- 
put impedances and the maximum available gain of the 
element is necessary. 


The characteristics of 3SK87 will be concurrently ex- 


Table 1 Typical Y-Parameter of 3SK87 


um ae 


ly74l(mS) |2.41(deg.) 
6.77 | 80.3 
: 78.2 
76.5 | 26.19 
748 
728 | 28.58 
68.5 | 30.53 


— 
freq.>-~ 
(MHz) ~ 


—29.4 
-35.5 | 
41.8 
48.6 
58.7 








plained below in terms of its y-parameters. 


76.6 | 
78.5 
81.9 
82.2 
83.2 


a5 | 
3.72 

22.6 “75° | 

32.7 4.57 


0.269 39.3 | 5.08 


(vos: 10 V, esew V,!1p=10 mA. The valves in this table are measured on the seoducts whose y?1 values ate 


\ typical. 


Table 2 Y171 and Y99 of 3SK87 





| 922 (ms) | 622 (ms) 


*The data of output admittance are only for reference because 
the accuracy of NETWORK ANALYSER is deteriorated due to 
the very high output impedance. 


Transformation of input and output admittances 
(¥741 and Y99) given in the table into a form of Y=g+ 
jo leads to Table 2. 

Referring to Tables 1 and 2, Gp (max) and stability 
index S are calculated as follows in order to know the 


RF characteristics of 35K8/7. 





Gp (max) = 


| 


rd g79 
a (4) 
1+ cos (oe + dy) lvl lye | 


where |y¢| —-— forward transfer admittance (=ly21\), 
lvrl —-— reverse transfer admittance (=ly; 21}, 
¢¢ ——— forward transfer admittance phase angle 
(= Py J) ), 
¢, ——— reverse transfer admittance phase angle 
(= $12), 
gj ——— element input conductance (= gi1),and 
Jo ——— element output conductance (= g22). 


Gp (max) (maxirnum available power gain) and S (stabil- 
ity index of element alone) at 900 MHz are obtained 


from eqs. (3) and (4) as 
lye _ {20.53 2107 
A gido 4x 5.68 x 1073 x 0.60 x 1073 











max) = 


= 68.4 (= 18.4 dB), 


_e 990 
1+cos(@¢+¢@r)  lyel lr 








2 5.68 x10 x 0.60 x 10~% 
cos (-58.7 + 39.3) "30.53 x 10-3 x 0.269 x 1073 











=0.43 
Similarly, at f = 500 MHz, 
(25.08 x 1073)? 
Sia 
4x 1.76 x1077x0.75x107° 
7 2 1.76 x107* x 0.75 x 107° 
1 + c0s(—29.4 + (~24.4)} 25.08 x10-* x 0.04 x 1078 


= 119.1 (= 20.8 dB) 


= 1.65 
The result tells that, at 500 MHz, the circuit works 
stably with Gp (max) of 20.8 dB regardless of the input/ 
output matching conditions, while, at 900 MHz there is 
input/output 





a possibility of oscillation for some 
matching conditions and Gp (max) of 18.4 dB is obtain- 
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ed. 

An example of the method for setting constants of in- 
put/output impedance matching circuits will be describ- 
ed, referring to the data above shown. According to Fig. 
2, the input and output impedances of the elernent are: 
at f= 900 MHz, Rj=1/gj=1/5.68 x 10° =176 Q, 
Ro=1/do=1/0.6 x 10° =1.67 kQ, and 
Rj=1/gj=1/1.76 x 10° =568 Q, and 
Ro=1/g9=1/0.75 x 103 =1.33 kQ. 
With these values as referrence, C3, and C4 and coupling 


at f=500 MHz, 


coefficients of inductors are determined, and the signa! 
source and the load impedances are calculated as ex- 
plained below. 

Because the frequencies dealt with here belong to 
UHF band and the circuit is of a distributed — constant 
nature, the following explanation is only for a rough 
estimation. The optimization is left to experiments. First 
of all, the input circuit is regarded as illustrated by the 
Fig. 4. 


50 9 L4 





Fig. 4 Input Tuning Circuit 


The parameters determining the signal source im- 
pedance will be explained and the process how to opti- 
mize them for the more matched state will be described. 

The signal source impedance seen from FET input 
can be interpreted in the following sequence. 

1) Input terminating 50 Q resistance (primary side) is 
transferred to the secondary side through the coupl- 
ing coefficient K between Lyand L2 

2) The impedance transferred on the both ends of L9 is 
further modified by varying C1. 

3) The signal source impedance seen from FET input is 

determined by C3 and the impedance transferred on 

the secondary side through processes 1) and 2). 

The signal source impedance thus determined through 
the above mentionned processes will be calculated below 
in actual figures by entering the actual values of para- 
meters. 
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First perform a following experiment to know the 
effect of 1). 
ment of Q-characteristics of the secondary tuning circuit 


The circuit shown in Fig. 5, the measure- 


with an RF voltmeter (open) on the secondary side by 
applying voltage on the primary side from a signal gener- 
ator terminated by a resistance of 50 £2. 





Z14=50 22 


INNANAAANAAS 


ey 





L7=L59=16'nri,'C;7=2~15 pF 


Fig. 5 Measurement of Q Characteristics of the 


Secondary Tuning Circuit 


The re@sult is that, the stronger is the coupling of L4 
and Lo (K = 1), the closer is Z; to 50 Q, and, the 
weaker the coupling (K = 0),the closer is Z; to infinity. 

Z; is obtained through the © characteristics of 
secondary side, namely 

G2; (eb=wez, 

The result of the experiment based on the scheme 

illustrated above is shown in Fig. 6. 


= a 


21° — Secondary Impedance — 22 
* 


io | |  +| 2,=50 ai a 
.. tf by! Poe ral 
e] O 8 “9 | 


200 





100 | ! ) , 
500 600 700 900 
f — Frequency — MHz 


400 


Fig. 6 Secondary |mpedance vs. Frequency 


According to the figure, the secondary side imped- 

ance Z; for the Lj — Lo distance of 1 mm is 

930 @2 at 500 MHz and 1 400 22 at 900 MHz, 
whereas the input impedance of the element is 

668 22 at. 500 MHz and 176 22 at 900 MHz. 
That is, even with the Lj — Lg distance which is as 
close as 1 mm, no perfect impedance matching is ex- 
pected. since the coupling constant K is only 0.4 as 
shown in Fig. 7 and the secondary side impedance (sig- 
nal source impedance) is too high. 
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K — Coupling Coefficient 


Fig. 7 Secondary Impedance vs. Calculated Coupling 
note2) 


Coefficient 

Note 2) 
In a circuit containing a mutual inductance M, the impe- 
dance seen from the primary circuit is given by the following 


formula. (refer to Fig. 8) 


Z =(R,+ 








ua? ie 


2) 2 
R3t+w L3 


. Re ) + jw(Ly = 


wo? MW? 


Ly, FL 
Re +w?L? : 


This formula shows that the resistive component of 2 increases 


by 


a? aye 


2 Z 2 
Ri tw L: 


Ri 


The primary circuit is equivalent to one shown in Fig. 9. 


Z=R+jxX(=(0) 


jX 


The circuit shown above is transformed into a parallel circuit 


and the susceptance component is taken away by tuning. Only 


component left to be considered is the conductance. Therefore 


eq. (6) can be interpreted as follows (refer to Fig. 10) — 


Rarc> 
Z=R+jxX 
1 2061 
2 R+jX 
5 2. APs 
g q R 


TEST CIRCUIT 





{© 


Ro=50 2 
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Substituting the real and imaginary parts of eq. (6) into the 
above expression and rearranging, you can find the impedance 
(real part oniy) seen from the primary circuit as foilows. 


wo? Mi? 2 a" Me j Z 
ee R) + w? (L ~——-- Ey 
& tw?l? 7 ~ ORR +? L3 








9 wo? M2 





where, M = K ,/L4 Lo, and because Ly = Lo, 


M=KL 
K is the coupling constant, —1 SKS 4, 


Fig. 7 is obtained by calculating eq. (7) with the values: 
f =500, 700, and 900 MHz, 
L=18 nH, 


R =50 22, and 
K =0.1 — 1. 


Therefore, in order to attain a much more matched 
state, it is necessary to use technique such as the coupl- 
ing of Lj and L9 through a capacitor of 1 pF or so. 

As stated before in 2), the impedance transferred ta 
the secondary side is affected by Cy. However, this in- 
fluence is not substantial because the impedance of C1 is 
much less than the transferred impedance. Further step 
is the determination of the constant of C3 which acts for 
the coupling of the transferred impedance of 1) and 2) 
with the input impedance of the element. Since the im- 
pedance transferred to the secondary side is larger than 
the input impedance of the element, C3 should be a 
capacitor with a capacitance of a negligible impedance. 
Here C3 is assumed to be 30 pF. 

The discussions above are summarized to an input cir- 
cuit shown in Fig. 1 and its signal source and element 
input impedances are the values shown in Table 3. 


Table 3 Signal Source and Input Impedance 


Frequency “Signal Source impedance 


500 MHz 





900 MHz | 


Due to mismatching increase with the increase of fre- 
quency, the deteriorations in power gain and noise figure 
result. When the tuning to the optimum point of power 
gain and noise figure is desired, it is necessary to aban- 
don the M coupling of the input circuit and to make the 
coupling constant of unity (K = 1) by means of a tap, or, 
to have the input untuned. But these measures lead to 
the increase of cross modulation because of decrease in 
Q of input circuit. Therefore, the circuit system should 
be determined by considering which characteristic is of 
the first priority. 

The next step is the determination of output circuit 
constants. The output impedance of the element is, as 
shown in Table 2, about 1.5 k{2 regardless of RF fre- 


| Input Impedance of Element | 
568 22 
_ 176 Q 





quency, The circuitry is the same as the input side and 
the matching to the load impedance is taken by the M 
coupling of L3 and L4 A perfect matching can not be 
expected, as was so in the case of input circuit, because 
the secondary side (across L3) impedance is 
1 350 £2 at 500 MHz and 3.7 kQ. at 900 MHz 

as shown in Fig. 6 for Lg — Lg distance of 5 mm. But, 
for the time being, let the distance be 5 mm. Also as- 
sume C4 to have a capacitance 30 pF which is the same 
as in the input circuit. 

Table 4 shows the output impedance of the element 
and the load impedance obtained through the discus- 
sions. 


Table 4 Load and Output impedance 


Load | mpedance 


| 500 MHz 


900 MHz. 
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Output Impedance of Element 





3. CHARACTERISTICS OF UHF RF AMPLI- 
FIERS USING 3SK87 
3.1 Power Gain 

Fig. 11 shows the Gps to frequency characteristics. 
According to the figure, the power gain is 14.5 dB at 
900 MHz and 11.4 dB at 900 MHz, namely, the ampli- 
fier has a flat and high power gain. 

Although the maximum available power gain Gps 
(max) of 3SK87 is, as described above, 20.8 dB at 
900 MHz and 18.4 dB at 900 MNz, it cannot be reached 
because the actual circuit is operated in an unmatched 
condition for an increased circuit stability. 

The realized power gain in the unmatched state will 
be calculated below. 

Od) oes | (3) 
(gg +.9;)? (gL. + 9)? 
Where ge and gL are signal source and load conduct- 
ances. The values obtained in Sec. 2—1 are: 
lvfl =25.08 mS, 
Gs =1.89 mS (Ri =530 2), 
9) =1.76mS (Ri =568 Q), 
QL =0.74 mS (RL =1.35 kQ), and 
Go =0.7/5 mS (Ro =1.33 kQQ) at 500 MHz, and, 
lvfl =30.53 mS, 
95 =0.71 mS (Rs =1 400 Q), 
gi =5.68 mS (Ri =176 Q), 
QL =0.27 mS (RL, =3.7 kQ), and 
do =0.59mS (Ro=1.67 kQ) at 900 MHz. 
The power gain is calculated through eq. (8) as 


4 -25,08*- 1.89 -0.74 


oo aac egomarc mgereerrentearprremmnene aaal WJ Lo 
a (1.894 1.76)? -(0.74+0.75)? 9 (20.75 dB) 


at 500 MHz, and, 


4 + 30.537 .0.71 -0.27 
(Gps = 


“10.7145.68)? -(027 4059)? 7 22:67 (13.7 dB) 


at 900 MHz. The values above demonstrate the power 
gain decrease in higher frequency region because af in 
creased mismatching. 

The power gain obtained through eq. (8) does not 
take into account of the losses of input/output coupling 
circuits and the loss due to the insertion of variable ca- 
pacitance diode. Hence, the actual power gain is further 
reduced. 

The resultant is shown in Fig. 11. 


Gps — Power Gain — dB 
NF — Noise Figure — dB 





400 500 600 ~ g00 —- 900 
f— Frequency — MHz 


Fig. 11 Power Gain and Noise Figure vs. Frequency 


3.2 AGC Characteristics 





—5 


Vps=10 V 
—e—.... at 900 MHz 
| gee sees At BOO MHz 


Gps — Power Gain — dB 


—20}—{, 





“=1'0 #2 4 +6 8 10 
VG2g — Gate 2 to Source Voltage — V 


Fig. 12 Power Gain vs. Gate 2? to Source Voltage 
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Fig. 12 shows the AGC characteristics of 35K87/. Ac- 
cording to the figure, the AGC range Ot? 3) is 33.4 dB 
at 900 MHz anc 44.5 dB at 500 MHz. 

note 3) AGC region is defined as the difference between the 
power gain at the maximum sensitivity and the one at the maxi- 


mum attenuation. 






AGC region 


ee 
VAGC- 
Fig. 13 


The region is usually reduced with the incerase of Tfre- 
quency due to the increase in feedback component. 
However, since a dual gate configuration is adopted and 
the feedback capacitance is very small, the large AGC re- 
gion can be obtained. 

The AGC sensitivity is principally dependent 
on the pinch—off voltage of Gate 2 because the reverse 
AGC is employed. 


no.e 4) AGC sensitivity is a parameter compared by the con- 


note 4) 


trol voltage necessary for obtaining a certain attenuation. 

In an N-channel FET where pinch-off voltage is neg- 
ative in general, the satisfactory AGC sensitivity cannot 
be obtained for a practical VG2s (VaGc) range if no 
source resistance is inserted. But, with 3SK87 having a 
very small pinch-off voltage of —0.4 V typical, the con- 
trol is performed up to the maximum attenuation with 
positive VGa9s (VAGC) only, and, consequently no 
source resistance insertion is needed practically. This is 





| f=500 MHz 
Gps=14.5 dB 
NF=4.6 dB 
f=900 MHz 
Gps=11.4dB 
NF=6.4 dB 


(2 Coupling loss 


noe of the features of 3SK87. 


3.3 Noise Figure 

The noise figure of RF amplifier is given by the fol- 
lowing formula by A. vander Ziel 
NF = 10 log}1 +814 Big, +9)?! 

95 Qs | 
where Rn is the equivalent noise resistance of the ele- 
ment. : 

For example, when the matching is taken at the input 
and put gs=gj, then eq. (9) gives 

NF = 10 log (2 + 4gjR,), 
that means that even if the noise of the element is zero, - 
NF = 10 log2 = 3 dB. 

Therefore, the necessary condition of signal source 
conductance for NFopT is gs>gj, which is inconsistent 
with the condition for getting Gps (max). 

Fig, 11 shows the NF versus frequency characteris- 
tics. According to the curve, NF is 4.6 dB at 500 MHz 
and 6.0 dB at 900 MHz, 
showing the deterioration with the increasing frequency. 
This is caused by the increased mismatching between the 
signal source conductance and the input conductance of 
element in the higher frequency region. The conduct- 
ances are. 
9s=1.89 mS (530 §2)>g9j=1.76 mS (568 $2) at 500 MHz, and, 
gs=0.71 mS (1 400 $2)<9j)=5.68 mS (176 £2) at 900 MHz. 

At 500 MHz, the condition gg>gj is fulfilled and the 
NF matching is well maintained, but, at 900 MHz, the 
relationship is shifted to gg<gj and NF becomes larger 
than 3 dB even if the noise of the element is nore. 

Based upon the above analysis, NF of a tuner set 
using 3SK8/7 for the RF amplifier is estimated Fig, 14. 


@ Tr. MIXER 









Gcb=10 dB| 
NF=10 dB [ 
assumed 


Fig. 14 Gain and Noise Figure Distribution 
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Fo—-1 F3-1 
a 4/33 





NFTOTAL * 10 jog (F; + 


Gy GG2 Actas watt: (11) 
at 500 MHz, 
| 2—1 10—1 
NFTOTAL = 10 log (2.88 re + 582 x08) =5.5dB 
and, at 900 MHz, 
NFTOTAL = 10 log (3.98 Pcie ee =7 3dB. 
13.8 13.8 x 0.5 


- 


3.4 Cross Modulation 

Fig. 15 shows the cross modulation characteristics. 
Because of the quasisquare transfer characteristics in- 
herent to FET's, the cross modulation characteristics at 
small AGC levels are much improved from those of bipo- 
lar transistors. 


Vq=60 dBuV/502 
fu=888 MHz, 1 kHz 
AM 30 % MOD. 


Rg -- Gain Reduction — dB 





Vu — Undesired Signal Level — dBuV/50 2 


Fig. 15 1 % Cross Modulation 


Since the transfer characteristics are remote-cutoff 
by virtue of a dual gate structure, the cross modulation 
is not deteriorated when AGC is increased. 

The cross modulation characteristics of 3SK87 are: 

cat full gain, interfering signal level is 93 dBuV/ 

50 &2, and, 
cat 30dB attenuation, interfering signal 
102 dBuV/50 2. 


level is 


3.5 Characteristics of UHF Tuner RF Amplifier Using 
3SK87. 
The characteristics discussed in Sections up to 3—4 





are summarized as follows for the 3SK87 circuit shown 
in Fig, 1. 
o Power Gain: Gps | 14.5 dB at 500 MHz 
11.4 dB at 900 MHz 
o Noise Figure: NF| 4.6 dB at 500 MHz 
6.0 dB at 900 MHz 
{44.5 dB at 500 MHz 
33.4 dB at 900 MHz 
oCrossmodulation [93 dByuvV/50 QQ at fullgain, 
102 dByuV/50 Q at 30 dB atten- 
| vation, 
for desired frequency of 900 MHz 
and undesired 
| frequency of 912 MHz. 


o AGC Region 
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10 Vat Ip=10 mA +—4 






20 [¥=900 MHz 
| --- VGas=4 V, Vps=l 
co ——-Vggg=3V¥, ” 
7 Oo, Vg2os=2 Wi) ee 
= tT > iy 
‘oi A, 
b of +1 OY 
. é ch hg! 
| ae ae [ 
wa | 
a 1 _® | ff | on 
O r | ff 
a oa yo fe] 
0 5 








V ps — Drain to Source Voltage — V 


Fig. 16 Power Gain vs. Drain to Source Voltage 










Inter Modulation. 
—59 dB 





Vo—Output Level — dBuV/50 2 


Vps=10 V 
VG2s-4V 
Ip=10 mA 
fee 7=900.5 MHz 
fRee=899.5 MH2> 


50 100 150 









distortion 


V; — Input Level — dBuV/50 Q 


Fig. 17 Intercept Point 
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VTu — Tuning Voltage — V 











t — Frequency — MHz 


Fig. 18 Tuning Curve due to Fig. 1. 
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APPLICATION NOTE 


TYPICAL APPLICATION OF SSK88 TO UHF TUNER 
RF AMPLIFIER 


1. GENERALS 

3SK88 is an N-Channel MOS field effect transistor 
developed principally for RF amplifier of UHF TV tuner. 
Its features include a very small feedback capacitance 
Crss (0.02 pF, typically) because of a dual gate structure 
and a large yfs / Yrs because of a large gm, and, hence it 
can be operated very stably with a high power gain (Gps). 

Furthermore, it has a small input capacitance that 
enables it to have excellent characteristics even for a 
wider frequency bandwidth (as in U.S.A.). 

The following description will explain the characteris- 
tics of 3SK88 applied to RF amplifier of UHF TV tuner. 


2. APPLICATION TO UHF TUNER RF AN- 
PLIFIER 
2.1. Typical Design of UHF Tuner RF Amplifier 
There are two types of RF amplifier circuit system of 
UHF tuner, one is A/? distributed — constant tuning and 
the other is A/4 distributed — constant tuning. This 
document deals with experiments on an electronic 
tuning type employing the A/4 distributed — constant 
tuning system which is relatively susceptible to the in- 
fluence of Ciss of element. The circuitry is shown in 
Fig. 1. 








VTU 
o 
it— 1 000pF 
[fF + 
R4 55 
r22k2 22k2) FT 
| 1Ca 
— + 30pF 
x is C2150 A OUTPUT 
C) 2p CGHH ++ —© 
INPUT ¢ as - | | 7 502 
of ) | | } 
= | 1000p | 2°°88H4 as | 
Py 7 Bae | 
nal OT i 
ae AmKRE | i 
[ | 2 24k Unit 
ead tke t joo i 1000pF | 
R:Q 
Vesaivnae) Vps (10V} Cc: F 


Fig. 1 Test Circuit 


The biasing condition is determined through Fig.2, 
the static characteristics of 3SK88. 


/ Vps=10 V | 














i. 
= = — ‘ —_—_——+- 
———— 


Gm — Forward Transfer Admittance — mS 





= 
= — 
= 


- ; > & 10 20 30 


Ip — Drain Current — mA 


Fig. 2 Forward Transfer Admittance vs. Drain Current 


When Veas(Vacc) =4V (full gain) is assumed, Ip 
for which gry is the maximum is 20 mA. Since this value 
leads to too much power consumption, Ip is set to 
about 10 mA. (When VG2s = 2 V. Ip for the maximum 
Gm is 10 mA.) Vpp is set to 10 V. 

The value of VGj1s for obtaining Ip of 10 MA is 
about 0.4 V as shown in Fig. 3 when VGas=4 yor 1) 
The resulted biasing circuit resistances are 

Ry, =1kQ, Ro = 24 kQ), and R3 = 47 kQ2. 
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lp —Drain Current — mA 








ViG15 — Gate 1 to Source Voltage —- V 


Fig. 3 Drain Current vs. Gate 1 to Source Voltage 


Table 1 Y-Parameter of A 3SK88 


f req> ——e 

(MHz) 
| “400° 
500 
600 
700 
800 


900 


5.735 
#3383 
8.926 
10.496 
11.948 
13.622 


Y11 


| 


ee 
a ae 


— __flyaiims) ) |2o14( 1 (deg.)) ly21!(mS) 


81.5 
79.9 — 
78.6 


76. 8 
74.5, 
vUD 


Yo4 


_ 18.023 
-| 18. 502 
| 19.303 

Tt 20.046 


20.864 


5 | 22.091 





Conditions: Vps=10 V, VGs=4.0 V, Ilp=10 mA 
The values are measured on the products whosely 94 | are typical. 
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note 1) Fia.3 shown the measured values with products 


whose typical Ipss is 3 mA. 


Since the resistances also serve to protect Gates 1 and 
2, it is safe to use as large resistances as possible. 

Next step is the acquisition of reference data for the 
introduction of constants from element's y-parameter. 
The y-parameter of the elements is as shown below. 

The input / output admittances (Y11, Y22) in Table 
1] are converted to the form of y = 9. + jb and shown in 
Table 2. 


Based on Tables 1 and 2, Gps(max) and stability in- 
dex of 3SK88 are calculated as follows for the informa- 
tion of RF characteristics of the FET. 





 _ lyl? 
Gps = ‘Agido | (1) 
S= eect ong Seal (2) 
1+cos of t¢-) Ll ¥el ly, | 
where, | y¢| -—— forward transfer admittance (= lyo4l), 
ly,4——— reverse transfer admittance (=|y491). 
| @¢| ——— forward transfer admittance phase angle 
= $91 | 


capiecedanenieen | eentintinleedsie tl 
£991 (deg. i lyzalt (mS) \21 2(deg. ) | 


lyoal(mS) 12.692(deg.) 


997 | 0.021 64.5 | 2.263. | 772 


~-28.0 | 0.029 | -255 | 2823 | 766 





-330 | 004 | 44 | 3387 | 765 
| —-38.9 | 0.087 | 21.7 | 3866 | 767 
46.2 | 0.128 | 294 | 4141 77.3 








pe 


548 | 0.185 | 361 31 4574 | 77.7 


Table 2? Y-Parameter of A 3SK88 


| 3.19 


10.22, 4 0.89 


22 (mS) [b22 (mS) 


7 50 | 2.21 


—-= 


065 | 2/5 


8.75 | 079 | 3.29 


3./6 


+ +e ie == -------— - as ————$ — -— —-— 


11.51 | 091 | 4.04 





| 4.55 . 


| 1284 | 097 | 4.47 


|o-| ——— reverse transfer admittance phase angle 
(=675), 
|g; | ——— input conductance ( = g14 ), and 
|Gg|——— output conductance (999). 
From eq. (1), at 900 MHz, 
Gps (max) = ceased = 27.6 (14,4 dB), 


4x455 x0.97 


and from eq, (2), 


? 455 x 0.97 


1+ cos (-54.8 + 36.1) 22.091x0.185 | 
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(Because S$ = 1, the performance is stable regardless of 


the input / output matching condition.) Similarly at 500 


MHz, 
18.502? 
Gps (max) =——-—_—_——— = 107.06 (20.1 dB), 
4x 1.279 x 0.65 
and 
2 1.29 x 0.65 


§ =——_____________.,. ____—____ = 96 
1 + cos{—28.0 + (—25.5)} 18.502 x 0.029 


Also, in this case, S 2 1 is fulfilled and the performance 
is stable regardless of the input / output matching condi- 
tion. The high Gpg operation is also shown, 

The determination of input / output matching circuit 
constants based on these data will be explained by an 
example. Table 2 tells that the element input / output 
impedances are, at 900 MHz, 


] 1 1 1 
—. = —___.., « 929 & and. Rp =— =; 
g, 4.55 x10 Gq 0.97 x 10 


= 
= = 


hit 
=1030Q, 


and, at 500 MHz, 
1 1 1 1 


— =———., = 775 2 and Ro =— =——— 
0j 1.29x10°° . Qo 0.65 x 10°? 


= 1 538 Q. 


(Actual input circuit) 


C(2pF) si 











The capacitances of input / output coupling capaci- 
tors Cy and C9 shown in Fig. 1 are determined using the 


above mentioned impedance values. 


The input circuit can be interpreted by Fig. 4. The 
impedance of signal source and element input impedance 
are matched through Cj. Too large a value of Cy is un- 
favorable because the series capacitance of C1 and of ele- 
ment input capacitance is inserted parallel to the variable 
capacitance diode and limits the variable frequency 


+ 
= 





range. 
Ag | 
3 
7 Ci | | 

IN | : 

_ 1 “ 

rate! | 9 om 

=0.025 a 


Fig. 4 Equivalent Input Circuit 


. Assume C7i=2 pF. The signal source conductance at 
900 MHz is 


a (we)? 
9s gq? + (we)? " 
(2x rx900x 10% x2x%10°!? }? 


" er er aes eee Ee x 0.02 
(0.02)? + (2xrx900x10° x2x10°"?) 


note 2) 


= 4.85 mS (Rg=206.25 2), 


note 2) Signal source and lead conductances are calculated in 


Fig. 5. 


The real part g* of the formula is used to calculate 
signal source conductance. In a similar way, load con- 
ductance is calculated. 

This signal source conductance is nearly matched to 
the input conductance, Similarly, the signal source con- 


(Equivalent circuit) 


| 
(g* and we* is the serial-parallel converted 
admittance of 50 Nand 2 pF, respectively.) 


g* we* 
f 12 —* 
1 (we) oa g (we) 
= —_____. ———. (wit 
1 g?+{we)? one g* +(we)? 
jwe 


Fig. 5 Equivalent Circuit 
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ductance at 500 MHz is 1.8 mS (Rs = 556 Q2), and the 
element input conductance is 1.29 mS (Rj = 775 QQ). 
The output circuit is interpreted Fig. 6 





Fig. 6 Equivalent Output Circuit 


The load conductance at 900 MHz is, for Co of 1.5 
hee 
»-_ wel? 
SL g? x lwc)? 
(2xm x 900x 10° x 1.5 10°'?)? 


= x 0.02 
(0.02)? x (2xm x 900 x 10° x 1.5% 107'?)? 


=3.05 mS(R,=328 2). 


The element output conductance is 0.97 mS (Ro = 1 
030 92). Similarly, at 500 MHz, the load conductance is 
1.05 mS (Ry = 951 &2) and the element output conduct- 
ance is 0.65 mS (Ro = 1 538 2). 

The capacitances of the input / output capacitors Cy 
and C9 has been thus calculated. The optimization of 
the values are left to experiments. 


a 


vosioy TTT TTT | 
VG2s"4V 7 | | 
: = eee ae 110) 






20} 


Gos — Power Gain — dB 
NF — Noise Figuer —dB 


f — Frequency — MHz 


Fig. 7 Power Gain and Noise Figuer vs. Frequency 
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2.2 Characteristics of UHF Tuner RF Amplifier Using 
3SK88 

Fig. 7 shows the Gps and NF vs. frequency character- 
istics, which tells that Gps is 15dB and 12 dB at 900 
MHz and at 500 MHz respectively. 

The power gain is flat and high. 

This characteristics is obtained when L1 is inserted in 
the Gate 1 on the circuit shown in Fig. 1 The characteris- 
tics variation with Ly is shown in Fig. 8. Without Ly 
inserted, Gps is so low that it is 14.5 dB at 900 MHz and 
7 dB at 500 MHz. 

The cause of the characteristics deterioration is that 
the variation of inter terminal capacitance of the variable 
capacitance diode is much more than the variation of 
trequency. When the characteristics at 900 MHz and at 
500 MHz are compared, the inter terminal capacitance 
of the variable capacitor diode at 500 MHz is too large 
and the Q-depression as well as the insertion loss in- 
crease are resulted™°te 3). The weakening of coupling 
due to the tmpedance decrease in input / output coupl- 
ing L's can be included in the causes. 


note 3) Unloaded OQ of variable capacitance diode is calcu- 


lated as follows. 
1 


Wisc 


QO = 





Assume that rs = 0.5 © and inter terminal capacitance 
is 2.5 pF and 717 pF at 900 MHz and at 500 Mbz, re- 
spectively. The unloaded OQ at 900 MHz is, through the 





“Gga > ¥ 
2 
OF ip=10 mA 





S 1s 
| 
ec 
3 
oO 
: 10,-——--—- | 
oo 
LAT] 
| Pa | 
8 | | | With Gy COIL 


Without G7 COIL 


; 


500 600 700 800 ‘900 








* — Frequency — MHz 


Fig. 8 Power Gain vs. Frequency 


formula given above, 
1 
0 —————— 41, 
2xmxX9Q00x 10° x2.5x10 *7 x0.5 
and, at 500 MHz, 
]~ 


= ________...._ = 58 
2xnx500x 10° x11x10'? x05 


_ Lj is inserted for the compensation. The role of Ly 
ig the power gain boost due to the parallel resonance 
produced by Lj and the input capacitance, by utilizing 
the capacitive input admittance of the element used 
source grounded. 

The resonance frequency is calculated below. The 
input capacitance of the elernent Ciss is calculated, by 
using b71 value of 7.22 mS as indicated in Table 2, 

ll ee cL ee OF 
w 2x”ax500x 10° 


With L4 of 0.056 pH, the resonance frequency is 
1 1 


Se = 443 Hz. 
2mf/LC 2m/0.056x10* x2.3x10 





Fig. 9 shows the AGC characteristics of 3SK88. Ac- 
cording to the figure, the AGC range at 900 MHz is 
about 41 dBree 4) , and at 500 MHz, it is about 46 
dB. These values show that the small feedback capacit- 






20 

| 

10 
fi ai) 
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= ; | ian 
i | | a 
(9 | 2 
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: " 2 
a Pn | 
Le 
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~ Ip=10 mA lat Vags of 4 V) 





e ceeseeee.. f =900 MHz | 
X conevnacs . f =600 MHz | 
7 | |t-ELL | a 
5 10 


Va@as — Gate 2 to Source Voltage 
Fig. 9 Power Gain and Noise Figuer vs. 


Gate 2 to Source Voltage 


ance by virtue of the dual agate structure is effective for 
obtaining a large AGC range. 


Gps 






AGC Range 


__| 


Fig. 10 Power Gain vs. Automatic Gain Control 


note 4) AGC range is difference of power gain at the max- 


imum sensitivity are one at the maximum attenuation. 


The AGC sensitivity O°" 5) is almost determined by 
the pinch-off voltage of Gate 2 because reverse AGC 
system is applied. The insertion of a source resistance 
can raise the AGC sensitivity within a practical Vqa 


(VAGC) range. 


note 5) AGC sensitivity is a parameter which will be com- 
pared with each other in the control voltages needed to obtain 


a certain attenuation. 


However, the AGC sensitivity enhancement within a 
practical VGas (VAGc) range by inserting a source 
resistance is really unnecessary because the typical 
Gate 2 pinch-off voltage VG2s(off) is as small as—O0.1 V 
and the gain control almost up to the maximum attenua- 
tion can be performed with only positive VGas(VAGC) 
as shown in Fig. 9. This is one of features of 3SK88. 
As shown in the Gog and NF vs. Frequency charac- 
teristics of Fig. 7, NF is considerably small as 4 dB and 
4.5 dB at 900 MHz and 500 MHz, respectively. 

Generally, the condition for the NF minimum is gz 
> gj. This condition does not coincide with the power 
gain matching condition. (The Gog values in Fig. 4 are 
those when NF is minimum.) The relationship be- 
tween g. and gj; is the same as before. The conduct- 
ances are: 

gd, = 4.85 mS (Rs = 206 &2) and gj = 4.55 mS (Rj = 

220 §2) at 900 MHz, and 

Gs = 1.8 mS (Rs = 556 &2) and g; = 1.29 mS (Rj = 

775 &) at 500 MHz. 
Fig. 11 shows the cross modulation of 3SK88. 
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Vos=10V 
Ipe10 mA (Full Gain} 
ides. "900 MHz, 60 dBuv 
fundes.“812 MHz, AM 1 kHz 







| mathe ob =I 2.3. Characteristics of UHF Tuner RF Amplifier 
| ji a) Using 3SK88 
_|t The above mentioned characteristics obtained when 


30 
| 3SK88 is used in the circuit shown in Fig. 1 are sum- 
marrized as: 
o Power Gain (Gps) ~—— 14.8 dB | 
°Noise Figure (NF)--—  4dB } at 900 MHz, 
CoAGC Range —————— 41 dB 
©Cross Modulation——— at full gain, 91 dBuV/50 Q 


at 30 dB attenuation, 
97 dBuVv/50 Q 
for fdee =900 MHz 
fundes. =912 MHz, modulated 30 % by AM with 
1 kHz. 


Rg — Gain Reduction — dB 


Vy — Undesirable Signal Level — dBulV/50 2 


Fig. 11 1 % Cross Modulation 


Being an FET, it has quasi-square transfer character- 
istic. Therefore its cross modulation is largely reduced 
at a small AGC voltage, compared with bipolar tran- 
sistors. 

Furthermore, because of dual gate structure and the 
resulted remote cutoff transfer characteristics, the 
cross modulation is not deteriorated even when AGC 
voltage is large. 

The cross modulation of 3SK88 is such that at full 
gain, undesired signal level is 91 dBuV / 50 82, and at 
30 dB attenuation, undesired signal level is 97 
dBuV/50 22. 
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APPLICATION NOTE 


TYPICAL APPLICATION OF 2SC2352 TO VHF TUNER 


MIXER CIRCUIT OF HIGH 


1. GENERALS 

29C2352 is an NPN epitaxial silicon transistor devel- 
oped principally for VHF tuner mixer. 

Its features include a stable performance due to small 
feedback capacitance (0.4 pF, typically), a high conver- 
sion power gain and a low third order distortion, 

This document will describe the experimental results 
about the variations of characteristics (such as conver- 
sion gain, noise figure, and intermodulation) essential to 
MIX with the impedance matching condition and the 
biasing condition, and the design and the characteristics 
of 25C2352 application circuit as a VHF tuner MIX with 


a good overall performance. 


2. TRANSISTOR MIX 

A transistor MIX works on the principle that, when 
an oscillation voltage Yo and a signal voltage v, with 
different frequencies to each other are applied to a non- 
linear circuit at the same time, the input conductance is 
periodically varied by Vo and signals with the sum and 
the difference frequencies of the both input frequencies. 

The circuit configuration of the MIX using 2SC2352 
is an emitter grounded and base injection type. The per- 


formance is illustrated by Fig. 1. 





, €(Collectar) le 
ee 2 
Di Ease} é 
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| lk 
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=—y™ Beat Frequency fo-fs Produced at B 


Fig. 1 Operating Principle of Mixer 


fo: Lecal Oscillation Frequency 


fi: Intermediute Frequercy 


CONVERSION GAIN 


3. APPLICATION OF 2S8C2352 TO MIX 


3.1 Conversion Power Gain 





Qs: Signal Source Conductance 49]: Input Conductance 


g,_ :Load Conductance 99 ‘Output Conductance 


Qc : Conversion Conductance Gm: Mutual Conductance 


= 


Fig. 2 Equivalent Circuit of Mixer 


A MIX is usually represented with the above equiva- 
lent circuit (refer to Fig. 2). The conversion gain (Gc) 
under the condition gj=gs and gg=g, is given by the 
formula below. 

5 


Ic ee ene | | 
Aqig 





Ge max = 


If the circuit is unmatched, 





If the above formulas, 9c is the conversion conduct- 
ance and is related to Gm as 
de = K- gm, 
where K is an proportion coefficient dependent on the 
local oscillation voltage and takes a volue K ST. 
The Gece of 2SC2357? is estimated as follows by calcu- 


lating with y-parameter (refer to Table.1). 
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Table 1 Y-Parameters of A 2SC2352 





Yie | Ye 



















‘yielimS) | die(deg.) Iyfel(mS) | 


21.29 | 60.8 “| "98.0 | 


Converted 


—=s oo =e = 


70.28 | 


ee —= i 


10,39 18.58 


value | 


| 
Pfeld 


gie (mS) | bie (mS) | gfe (mS) Tt; (mS) 
7 


=+ Test Condition: VCE=10 \ V, le=—3.0 mA, f=200 MHz 


io a a Rt 
at Yre | Yoe 
(deg.) | WYrel(mS) | jlo | Nvoel(ms) | @oe(des.) : 
o |! 0.40 | 83.5 2.12 | 83.5 | 
Ta Gre | (mS) | bre | ‘e (mS) ; Yoe (mS) | | boe (I (mS) 
6296 | 0.05 | -040 |°024 | 211 toa 





The Y-parameters are obtained with the transistors having typical Yfe value. 


The point ta be marked is that the output conduct- 
ance Jo should be a value at the intermediate frequency 
because the output of MIX ts tuned to the intermediate 


frequency (do of 2SC2352 is approximately 0.15 mS at 


M 
According to the Fig. 3, Gce takes the maximum 


value at 115 dBuV/50 QQ (in SG output level) and it is ~ 


24 dB at C=30 pF (Rs=64 9)"°te 1) the impedance 
matching condition then is; 


50 MHz.). — signal source impedance ————— 64 QQ 
From eq. (1), input impedance of element ——— 96 22, 
Ic? Aar load impedance ——————- ———-— 2] KQnotel) and 


Gc max = giao ax 1039x015 310.6 (=24.9 dB), output impedance of element —— 4.2 kQ. 


The input is nearly matched but the output is mis- 


where dc is assumed to be 1/2 gm: 
matched to obtain a wide bandwidth. (B.W. = 15 MHz) 


similarly the power 








gain at RF is 
Gp max Aaa 88* 776.4 (=28.9 dB} note 1) Signal source and load impedances are calculated as 
1 —— SS = iqnal sou > Calcula 
P 4gigg5 4x 10.39x0.24  #~ : 
Fig.4 and Fig.5. 
This means that, provided that gc =+9m. Gc would 
fall to 1/4 of Gp at RF. (776.4/4=194.1 —--22.9 dB). 2,=14_1. 
But, actually, since the output is tuned to the intermedi- i 
ate frequency and the output impedance is raised, the 3 oC" 
simple reduction to 1/4 does not take place. ee es 7 (ol g? adie 
Fig. 3 shows the Gce to local level characteristics for a q ee 
QQ j@c 


varied signal source impedance (varied by the input ca- 
pacitance). By using the real part (g*) of the formula, and calculating the 


signal source conductance of the actuai input circuit, 





fRF=200 MHz, 80 dBuV/50 2 | 
| fosc=235 MHz ro) 





| (wc)? _ 9g 
= g2 + (wc)? ; — 
120 co WC, 
oO | 
(9 o 4 
§ >, 7 20x10 ~ 
§ Ae eee 
5 ) i 2xmx200x1 Doxiextotz 
ace = 
@ ns =9 4 mS (Rs = 106 £2} 
fe 2 
0 | | } | | - 0 
90 100 110, 120 


Vosc—Local Oscillator Level-dBuV/50 0 
Fig. 3 Conversion Gain And Noise Figure vs. 
Local Oscillator Level 
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15 pF 









_ dvs) 
G Source B rg 
9 =-———_- | Noise by Tp | 
var ‘ Gs: T d(i?) U 
| Noise by ig | gnt(t) | V4 | Noise by ig 
Actual Input Circuit Equivalent Circuit . By 


Fig. 7 Noise Model Circuit 
d(ic2) is the signal source noise current, d(Vp2) the 
noise generated by the base resistance, and d(i,2) the 
noise due to the base current. They are amplified and 
appears on the collector side. D(i,?) is the noise gener- 





g* and wC* are the serial-parallel transformed 


Fig. 4 Equivalent Circuit ated by the collector current. Assume these noise com- 
ny no ponents ig 12,1927, i937, and igg”, respectively. 
(13T) (2T) The total noise N is 
i} 
tI 
M" 13\2 faa ina ine 4 daa een (| 
i _-f —| =311k2 eee een SL SE 
Ri> s02 FL 60x (5) lor? 
os The noise in MIX is expressed by 
’ eS ) \2 2 1 ~ Re? 1 
Fig. 5 Actual Output Circuit N=1 , Smaks | 1+] +(8 \ + rae pe) 5 
2BN' Rs, \xi J 29ma\ Ri/ PYRS 
Fig.6 is the biasing dependency of Gce (Gce vs. IF), +B . +( Rs )’ note2) —-—-—-—--—-—-—- (4) 
and Gee is the largest at IF of about 5 MA. Rs | Xi 


and the noise in amplifier by 


_, ,9mRs ( rB\? ( rp \? 
N=1+ (eB) 4 


2 
+h -(1 +f)? 140 






f RF=200 MHz, 80 dBUV/50 2 
fosc=235 MHz, 110 dBuV/50 2 








ot == 
0 20m Rj Rs 
= 
a ia 
A +2 { Hae > GORA): seeker (5) 
5 Re i/ J 
ts 
© note 2?) References to NF of RF and MIX. 
Cc 
& PROC, IEE, vol.115, No 4, APR. 1968 
l 
8 | | . The values of noises are calculated by putting para- 
= { | | ees meters of 25C2352 into the formulas above. The para- 
- aul i al a meters are: 
| } — 
om | | = L a o9mA =qlaA/kKT (la: de collector current) =3 mA/ 
26 mV =115 mS. 


le —Emitter Current—mA 
oRs =64 QO 4) 


oBy)’ : de current gain at large amplitude (hee =100) 
org: base resistance (19 Q as estimated from Fig.8) 
oXj  : input reactance (1/bj = 53.8 Q from y-para- 


Fig. 6 Conversion Gain vs. Emitter Current 





3.2 Noise Figure 
Using the equivalent circuit as 2SC2352, it is esti- meter) 
mated the noise figure (NF) in RF and MIX. Fig. 7 shows oRj  : input impedance (1/gj = 96.2 Q from y-para- 


the equivalent circuit as noise model. meter) 
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oP - Gc/GmA (Gc is conversion conductance, and, 
when assumed as Gc=5 Im. 
go=4 x88 mS=44 mS from y-parameter),and g-/ 
ImA= 44/115=0.38. 

0Q :gmrpfs/ft = 88x40°*x19x200x10° /(800x 


10° )=0.42. 
NF value of MIX is, from eq.(4), 


115x103 x64 ( 192 / 19 ) 
442)? 4( 
*"2x100 | ea) *\ea8 
64 \2 _ 1 
aa 0.38764 





N= 








] 
+: —— 
9x115x107 (14 


19 ( aie 7 
WP) 44( —* )\*t- 3.09 (= 4.908). 
eds 63.8. ) : 


Also, NF value of RF is, from eq. (5), 


exe 19 ) 
N= 1 + 88x10, a 19.) | )? 





2x100 +64 53.8 
one 64 I 1+0.42? 
2x88x10° 96.2 64 
19 64 \2 
+—+ 1 +|—— =72 = 
vat (-S4.)" 2.06 (=3.1 dB). 





bie — Input Suseptance — mS 


0 | 10 20 30 40 


10 gie — Input Conductance — mS ae 
: : ae 53.5 m5 
Fig. 8 Frequency Locus of 28C2352 Yie 


219 I 


The above estimation of NF when 2SC2353 jis used 
in RF and MIX respectively, shows that NF of MIX is in- 
ferior to NF by about 2 dB. 

Fig. 3 shows NF vs. local level relatianship. NF of 
25C2352 has a minimum at the local level of about 
115 dBuV/50 2 and takes a value ot 5.2 dB when C= 
30 pF (Rs=64 92). (NF of about the same value is ob- 
tained when C=15 pF and Rs=106 92) 

Fig. 9 shows the NF vs. I¢ characteristics when 
2SC2352 is used in RF and in MIX, respectively. Ac- 
cording to the figure, when C=30 pF (Rs=64'Q), NF of 
RF at 3 mA is 3.0 dB and NF of MIX is 5.2 dB. This 
fact tells that NF of MIX is inferior to NF of RF by 
2.2 dB, and a relatively good afreement with the calcu- 
lated result is obtained. 
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RE Input Circuit 
Sig shee —:RFNF 
=| Rs 


| Vec=10V 
fad vr 


MIXER Input Circuit 


Lo —h 
eee MIX. NE 


NF — Noise Figure — dB 





—10 
le — Emitter Current — mA 


Fig. 9 RF And Mix. Circuit Noise Figure vs. 
Emitter Current 


When C=5 pF (Rsg=560 2) (mismatched input), NF’s 
at 3 mA are 6.2 dB in RF and 11.4 dB in MIX, telling 
that the difference between the both is increased. 

The measured NF of MIX for the constant local level 
is rather largely varied with the current as shown by the 
solid curves of the figure. Since NF is dependent to have 
the optimum conversion conductance for any current 
level will bring about a less current dependency as shown 
by the dashed curves. 

The condition fot the minimum NF of 2SC2352 MIX 
is; signal source impedance of about 64 Q, local level of 
115 dBuvV/ 50 Q and IE of 2.5—3 mA. The minimum 
value of NF is 5.2 dB. 


3.40 %Intermodulation 


Fig. 10 shows the intermodulation of 25C2352,ete 3) 


According ta the figure, it takes the optimum at le of 


5 mA, and it is 
41 dB for C = 30 pF (Rs=64 92), 


SS A ——} 


a 
i 
| 





IM—intermodulation-dB 





90 f- | 1 
=| ee 
40; 
| © C=90 pF, Re=470 2 | 
30; | x C=15 pF, wd 
ee ae ee: ‘ | 
| ° Re2220 2, C=15 pF | 
20) 0 Re *820 2, 
Vec=10V 
fee 1=200 MHz, 80 dBuV/50 2 =o a) r 
[(9B2"20t MHz, 80 d8uV/50 2 a 
'fosc?235 MHz, 110 dBuV/50 & te : =| 
Waenoee ener Ee 
0 —5 —10 


|—E—Emitter Current—mA 


Fig. 10 Intermodulation vs. Emitter Current 


note 3) Intermoduiation is defined as Fig. 11. 














— 
iniput Segre 

"2-35 MH a 

: bel land x dB= INTER MODULATION 

{33 34 Mite 

ot. Be se 
| Srd Order Distar tion 
fs } 


Fig. 11 Definition of Intermodulation 





As shown above, the more the input impedance is 
getting mismatched (Rs— Rj), the better becomes the 
intermodulation characteristics. But this is not favorable 
because it causes the deterioration of Gce and NF. (The 
increase of le tends to reduce the intermodulation, but 
this is also discarded as impractical because this loads tc 
the inferior Gce and NF as well as the increase of power 
consumption.) 

The intermodulation dependency on the emitter re- 
sistance Re is shown in Fig QO. (Variation in Re causes 
the change in the emitter voltage and concurrently in 
Vice.) According to the figure, for Re of 220 Q and of 
470 Q, the same intermodulation is obtained when le is 
1—9 mA whereas for Re of 820 92, the larger is le (c= 
5-8 mA), the smaller becomes VCE (for I; of 5 mA 
VCE=5.9 V and for Ip of 8 MA Vere=3.44 V) and the 
intermodulation tends the worse. Therefore, it is practi- 
cal to set Vice as Vee > + Vcc: 

With regard to the above described analysis, a circuit 
condition which is presumably appropriate in intermad- 
ulation as well as in Gce and NF will be: signal source 
impedance of about 106 82 (C=15 pF) and I_ of 3-5 MA. 
Then the intermodulation will be 42-45 dB for an input 
level of 80 dBuV/50 Q2. 


4. CHARACTERISTICS OF 28C2352 MIX 
Summarizing descriptions from 3—1 to 3—3, the cir- 
cuit which is expected as good is overall characteristics 
will be the ane shown in Fig. 12. The circuit condition is: 
signal source impedance of about 100 Q, 
load impedance of about 2 kQ2, 
(termination impedances of the both of 50 92), 
local injection level of 110-115 dBuV/50 22, and 
biasing condition 
Il; = 3-5 mA for Vcc of 10 V. 


The characteristics are then 
Gce=23.2 dB (at local level 115 dBuV/50 2 and IE= 


3 mA), 
NF=5.3 dB (at local level 115 dBuV/50 Q, and IE= 
3 mA). 


and 
intermodilation=42 dB (at input level of 80 dBu// 
50 2, local level of 115 dBuvV/50 22, and IE=3 mA). 
Fig.13 shows basic mixer circuit in order to get each 


datas used in this application note. 
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LOCAL IN 
él 502 
RE IND 415 eT yee rial © iF OUT 
Cage + Kao He 7 
50 27 i bn a a as | | 5022 
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=Vecl10V) | C:F 


Fig. 12 Recommended Mixer Circuit 
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LOCAL IN 
@ 502 
1.5p= ae 13T 2 Ps 
RF IN a. Kole 4 IF OUT 
502 7 arg me 8 Si | | 502 
1000p) #5, 38] FH) || 
‘| r | | 
” Be = Al Lal aro om Unit 
git a oy] Ria 
“VB Vec(10V) C:F 


Fig. 13 Basic Test Circuit 
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APPLICATION NOTE 


TYPICAL APPLICATION OF 2SC2353 
FOR UHF TV TUNER MIXER 


1. GENERALS 

2$C2353 is an NPN epitaxial silicon’ transistor 
developed principally for mixers of UHF TV tuner. 
Provided with features such as high gain bandwidth 
product f7 and wide current characteristics, it is the 
most suitable for mixers. 

The following descriptions will explain the character- 


istics of 25C 27353 used in a mixer of a UHF TV tuner, 


2. TRANSISTOR MIXERS 

A transistor mixer performs frequency conversion 
on the principle that the signal voltage uy. is applied ta 
the emitter junction of the transistor in series to the 
oscillator voltage ug and the input conductance of the 
transistor is periodically varied by Uo, 

The IF voltage generated on the input side is 
amplified by the transistor and only the |F component 
is selected by the output side IF tuning circuit and 
delivered to the next stage. 


The merit of transistor UHF TV tuner mixer lies in 


ANT S77 





[ntarstage loss (*} 

















NF ,=4.5dB 


Gp2=-3 dB 
NFo9=3 dB 





Local 


MIXER 
G_3=10 dB 
NF 2=10 dB 


its higher power gain by 20 dB than that of diode mixer, 
provided that a conversion gain (Gch) of the transistor 
mixer is assumed to be 10dB and a conversion loss of 
the diode mixer to be 10 dB., 

In addition, noise figure (NF) of the transistor mixer 
is reduced concurrently. 

The power gains and NF for a diode mixer and for a 
transistor mixer can be estimated as Fig. 1 and Fig, ?. 
since 

Fo9-1 Fa- Fa- 1 

Tt Gy *GrGp * G1-G2G3 

NF of transistor mixer tuner !s calculated as 
2(3 dB) — 1 
_F = 2,82(4.5 dB) 4 0(10 dB) ~ 


10 (10 dB) — 1 


* 10(10 dB) x 0.5 (~3 dB} 
, — 1 f842.5 dB) = 1 
“10110 dB 





) x 0.5 (3 dB)x10(10 dB) 


=4.74 


F 


IF AMP 






Gp4=20 dB 
NF 4=2.5 dB 






0 
IF OUT 


(*) The NF value is assumed to be equal to the 
interstage loss which is estimated as 3 dB. 


Fig. 1 Gp and NF Distribution of Transistor Mixer 


ANT \ 


RF Interstage loss 





NF,=4.5dB 





Local 


MIXER. 


NF3=10 dB 


IF AMP 










Gp4=20 dB 
NF 4=2.5 dB 






IF OUT 


Fig. 2 Gp and NF Distribution of Diode Mixer 
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and NF = 10 log 4.74=6.75 dB. While, for diode mixer | le 


tuner, 


cn 
ct 
©) — 
a oOo 
oT 


lc~—Collector Current—mA 


2-1 10-1 1,78=1 je 


rs = 6,28 










INPUT 900 MHz, 80 dBuvV/50 Q 
Local 935 MHz, 
VcE=10V 


OG ea 
95 105 115 
Vo—Local Oscillator Level—dBuV/50 Q 


NF = 10 log 6.28 = 7.98 dB. 


G ep —Conversion Gain—dB 
in 


The power gains of tuner are 3/7 dB and 1/ dB for 


transistor mixer and for diode mixer, respectively. ; 
Fig. 5 Conversion Gain and Collector Current vs. Local 


The results clearly demonstrate the superiority of Oscillator Laue 


transistor mixer tuner to diode mixer tuner, 


3. CHARACTERISTICS OF UHF TV TUNER _ vote 1! 


| local level......... The output power of the local oscillator. 
MIXER USING 2802353 In the experiment, the local oscillator is 
The characteristics of a UHF TV tuner mixer using substituted by an SG {signal generator), and 
: ’ : ; he SG put is used as the local | I, 
28C2353 will be described below. The circuitry is as ; he Sppnen gained rae ee 
1 (ee The bias current (Ic) variation due to local 
illustrated in Fig. 3. It is a base-grounded, emitter-input signal injection, 
and emitter injection type and its IF is 35 MHz. The 
actual circuit constants have been shown in Fig. 4. When the local level is 105 dBuV or more, Geb is 
Fig. 5 shows the local level vs. Gch and Ic relation- saturated. Gcb cannot be increased any more by raising 
ship, note 1) the local level. Fig. 5, 6 and 7 show the Gcb, NF 


relationshop to current and frequency response. Fig. 6 
tells that Gcb reaches the maximum at Ic of about 10 
mA and NF is good for Ic of 3-8 mA, When 2SC2353 
is used as an RF amplifier, its NF is about 4.5 dB for 





Ic of 3-8 mA. This means that the NF reduction by 


Fig. 3 Emitter Input and Injection Type Mixer for about 5dB is experienced when the transistor is used as 















Base Ground a mixer. 
IF OUT, 502 (f=35 MHz! 20 
25C2353 620150 p 1000 rp oa 
fioop orplL $f m + 15 
RF IN, 502 ; LOCAL IN, 502 To | 
c= ie 59 | 
7 i Unit 2 a 10 
L 2 R: @ > | 
cid 38 5 INPUT 900 MHz, 75 dBHV/50 2 
© L Local 935 MHz, 115 dBuV/50 2 
~10p# #~10p = es Vce=10V 
nr nr _ Spero a! ere ree 
~50 k $4R(40 y) | 0 5 10 15 20 
Ly, bp. qt [¢ —Collector Current—-mA 
19 mm | 
Fig. 6 Conversion Gain and Noise Figure vs. Collector 
Fig. 4 Application Circuit | Current 
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But this condition is not favorable because Geb is 









m 15 
Oo ; | 
z Pailin Geb small there. Hence the optimum current range for Gch, 
76 10 ja ae a ith NF, and IM is limited to 3-8 mA, Furthermore, if a 
EK & . 7 . 
Bs INPUT 75 dBuV/50 2 local level, which is so small that Gcb is not saturated 
t= "> Local 115 dBuV/50 2 uity tay: “eA | 
= 
2 e 5 1-=35 Miz as shown in Fig. 5, could be selected as the optimum, 
“ 9 Vce=10 V it would be favorable, But, the constancy of the local 
re] lr =5 mA . 
. 20 0 - level cannot be maintained in UHF band having a very 
— 400 500 600 700 800 900 


f—Frequency—MHz wide bandwidth, 


Therefore the local levet should be set to a point 
ersion Gain and Noise Figure vs. Frequenc | eer sa 
Fig, 7 Conversion Gain an g q Share Gch is hardly affected by the local level variation. 


This means a local level setting in a region where no Gch 


: inay Note 2) fea et ' 
The intermodulation (IM) shown in Fig. 8's increase takes place in spite of possible local level rising, 


as good as 53 dB for a small current (I¢=1 mA). namely in the region of Gch saturation. On the other 


hand, too high local level is meaningless because of 


> 60 increase in radiation from the antenna. Therefore, the 
6 507 ™~, recommended local level setting in conditions shown 
5 40 in Fig.5 would be 110-115 dBuV, where the bias 
8 30 INPUT f,=899,5 MHz, 80 dBuV/50 2 current increment (Alc) is 1—2 mA (for RE=620Q). 

= f9=900.5 MHz, 80 dBuV/50 2 — _ . 

= 20) Local 935 MHz 115 dBuV/50 2 “Fig. 10 shows the characteristics of the intermodula- 
“. “ Vogrtyy tion and the collector current versus local oscillation 





0 10 20 level. Fig. 11 shows the input to output characteristic 


1 Collector Current rar of the mixer along with the IM characteristic, 








Fig. 8 Intermodulation vs. Collector Current 





on INPUT f1=899.5 MHz, 80 dBuV/50 2 i 
¥ 60 fo=900.5 MHz, 80 dBuV/50 2 6 I 
5 Local 935 MHz = 
note 2) = 30 VcE= 1i0V : 5 = 
When f7 (899.5 MHz) and fo (900.5 MHz) are input to RF IN = #40 — s 4 U 
of the mixer, third order distortions 2f;—fg (898.5 MHz) and é | 3 2 
2f2—f; (901.5 MHz) are produced. fosc (935 MHz) is input to — 8 
those signals to convert then into IF signals, The level difference © 20 28 
(x dB) between the converted outputs and the third order $ 104 1 / 
distortions is called intermodulation (IM). os a 0 <’ 
90 100 110 120 
foxes wie LOCAL | Vo—Loacal hii Level—dByV/50 2 
TF fp'=34.5 MHz !NPUt Signal | | f)=899,5 MHz Fig. 10 Intermodulation and Collector Current 
(x08 | | f=900.5 MHz vs. Local Oscillator Level 
Sard order = 4 | fose=935 MHz 
distortion siaviveiadioh: *. order distortion =e 
fg’ fy’ fi f2 Tose G 150 
& 
Fig. 9 Definition of Intermodulation = 
S @ # intersept Point 
i 
3 100 (S , 
re s INPUT f1=899.5 MHz 
= f9=900.5 MHz 
5 © Local 935 MHz, 115 dBuV/50 2 
9 3 Vce=10V 
$ Ic=5 mA 


100 150 
Vi-—Input Level—dBuV/50 2 


Fig. 11 Output Level vs. Input Level 
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As the input level is increased, the output level and 
IM are also increased. Typically, 10 dB increase of the 
input brings about (10 dB increase of the output and) 
20 dB deterioration of IM. Further increase of the input 
would finally equate the IM Yevel to the output level. 
(Actually, the transistor must be saturated and it is 
impossible that the IM level becomes equal to the output 
level). This point is called intercept-point; IP (refer to 
Fig. 11}, When this IP is known, the IM value for any 
input or output level can be obtained through the 
following formula. 

\Third order intermodulation (IM) |= Z(IP-Pi), where 
Pi is the input power, The input level at the intercept 
point of 2SC2353 is read as 103 dB. So, for an input 
level of 80 dBuvV, IM=2(103—80)=46 dB. 

From the above reasoning, a typical condition re- 
garded as optimum is Vcc=10 V(15 V is also usable) for 
bias and |c=5mA. Then Ic includes an additional 
current increment (Alc) of 2 mA due to the local signal 
injection. Therefore the biasing circuit should be set to 
have Ic of about 3 mA before hand. 

The final circuit arrangement for the experiment is 


shown in Fig. 12. 


Vec=10 Vv 





Fig. 12 Biasing Circuit 


© Re = 620 2 (sinceAlc has been measured at RE of 
620 92). 
C Vp — VBF= 620x3x10 7 =1.86 V, 
and for Vpe of 0.78 V, Vp = 1.86+0,78=2.64 V 
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R2 
Oo Using a relationship VB = Rq+Ro Vcc, R1=5 kQ 
for Ro of-1,8 kA}. 


The characteristics of the mixer are; at input level of 
80 dBEV and local level of 115 dBuV (Alc of 2 mA), 


Conversion Gain Gehl <paisaiies 12 dB 
Noise Figure PE waits: 9.6 dB 
Intermodulation : IM 46 dB 


Fig. 13 and 14 show UHF RF amplifier circuit use 
with 25C2353 and Gpb, NF characteristics due to - 
Fig. 13's circuit. 


freq. 900 MHz 
2502353 #~10p 






IN eh BOMLCABLE S506 V7 
OH-ESESHH A, Op 
i | 56 a I if % Mi a OUT 50 Q Unit 
7" 510] A—4 ©) R:Q 
5 

bt sini sia C:F 

a os aii RFC * 

iI 1900 p 1000 p 

—VeEp +B(10 V) am 

t 

L4: | aT 
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Fig. 13 Application Circuit for UHF/RF Amplifier 


freq. 9OO MHz 






30} INPUT LEVEL 75 dBuV/50 2 
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| a 
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BO | tm 
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Fig. 14 Power Gain and Noise Figure vs. Collector Current 





NEC APPLICATION NOTE 


> 
HIGH FREQUENCY LOW-NOISE TRANSISTORS FOR 0 
VHF AND UHF BAND APPLICATIONS 9 
— APPLICATION OF 2SC2570A— a 
| = 
Zz 
O 
| package developments of high frequency low-noise = 
1. INTRODUCTION transistors for VHF and UHF band amplifier shown in 
Recently, application of high frequency transistors Table 1 to meet demands from various fields. 
has been expanded along with variety of consumer This technical report describes in detail electrical 
products. These wide expanses of application demand characteristics of 2SC2570A that can be used for any . 
various characteristics of high frequency transistors, requirements of low-noise, high gain, and low distortion ¢ 
therefore, a number of high frequency transistors has together with their optimal characteristics and usages — | 
been developed. for many application fields as well as design idea of NEC 
NEC provides enough groups of types and abundant high frequency low-noise transistors. 


Table 1 List of High Frequency Low-Noise Transistors 
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NF-Tuned Noise Figure-dB 
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2. IMPROVEMENT OF HIGH-FREQUENCY 
TRANSISTOR TOWARDS LOW NOISE 


Parameters required for improving high-frequency 
transistors towards low noise are explained using a 
numerical expression. The noise figure (NF) is, in 


general, replaced by the expression shown below: 
_ r | ee. 
NF=1+2 (1 pie 2 ‘tts ee ree re 
re NFE fr 


i.e., larger fy is better for low noise. Resistance compo- 
nents, fp, fe are also important. These parameters are 
explained in detail in the followings. 
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2-1 Explanation of parameters by means of equivalent 
circuit of a transistor 
The parameters in Equation {1} are explained using 
Fig. 2, Transistor Equivalent Circuit, and Fig. 3, Simple 
Diagram of Cross Section of Transistor. 
As shown in the figures: 
la : Emitter diffusion resistance 
'pb1  : Base diffusion resistance 
'h2 : Base spread resistance 
ph  : Base resistance (rp = hy + rho) 
SINCE fh >> re can be assumed, minimizing the base 
diffusion and base spread resistances is important for 


low noise. 


: Collector junction capacitance 


Emitter junction capacitance 


- Base electrode MOS capacitance 


Emitter electrode MOS capacitance 
Resin parasitic capacitance 
(between collector and emitter) 
Resin parasitic capacitance 
(between collector and base) 


Resin parasitic capacitance 
(between emitter and base) 


Fig. 2 T-type Equivalent Circuit Based on Early’s Equivalent Circuit 
(Equivalent Circuit in which Parastic Capacitance is taken into Consideration) 
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Oxide insulation layer 


Base electrode Emitter electrode 


Emitter layer 


Base layer . 





Epitaxial layer Collector layer 


Substrate layer 





Fig.3 Cross Section of High Frequency Transistor 


2-2 Design of High fy Transistor This equation shows that: 
The function of fr is shown below: © Shorten the base running distance. 
O Reduce emitter capacitance. 

—_ =7T_+ +7, + ; | © Reduce collector capacitance. 
Dr Tat Te tty $16 occ cece eee. (2) duce collector capacitan 

Wherein: To shorten the base running distance, make the base 
Tg : Base running time width Wh, as narrow as possible. To reduce emitter 
Te : Emitter capacitance charging time capacitance, make the emitter layer depth Xje shallower 
Tx : Collector depletian layer signal delay time and shorten emitter width W,. Following two factors 
Te: Collector capacitance charging time have relation to collector capacitance: 


1) Collector layer resistivity (oc} 
2) Collector junction area 
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1) Collector layer resistivity (oc) 

The pe is closely related with the breakdown voltage 
(BVceQ) and capacitance (Cop... Cc). 

Although collector capacitance can be reduced by 
making the pc high and the depletion layer thicker in 
order tc shorten collector charging time, it results in 
increase of the collector series resistance and also in 
degradation of current characteristics by reduction of 
maximum current density and acceleration of the 
current collecting effect. Too low oc reduces breakdown 
voltage (BVceg) and makes the depletion layer thinner 
to increase the capacity. Therefore, the pc must be 
optimally set taking the breakdown voltage, collector 
capacitance, and current characteristic of hfe into 


account. 






Collector junction surface 


Collector 


Emitter 





2) Collector junction area 

The simplest way of reducing the junction area of the 
collector is, as shown in Fig. 4, to make emitter width 
We as small as possible. With high f7 transistors, the 
method of reducing the relative collector junction area is 
applied as well as reducing the actual emitter width. In 
other words, the ratio of emitter circumferential length 
le to-collector junction area Ac is made as /arge as 
possible so that the apparent junction area of the 
collector becomes small fn comparison with the emitter 
circumferential length. Therefore, with transistors of the 
same collector junction area, the larger the I¢/Ac the 


lower their noises are. 






Fig.4 Enlarged view of the Transistor Cross Section 


NEC adopts the “‘interdigital pattern (comb pattern)”’ 
as the emitter pattern to obtain the larger Ie /Ac on the 
limited area (collector junction). Figure 6 is the photo- 
graph of the appearance of an NEC high-frequency low 
noise transistor. Shaping the emitter as a comb form and 


making each emitter width (We) as small as possible, the 
circumferential length (le) is elongated as long as 
possible. Thus the transistor with the large Ie/Ac, 
expanded current characteristics, and high fy has been 


realized. 
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2-3 Base Resistance (rp) 

Another parameter for making the high-frequency 
transistor low noise is base resistance {ry}. As can be 
seen in Fig. 3, the base resistance is composed of base 
diffusion resistance (rp;) distributed from the base 
electrode to around the emitter in the base layer and 
base spread resistance (fp) distributed under around 
the emitter. Tm ‘this case too, like the case of the 
collector, the method of improvement depending only 
on layer-resistivity of the whole base layer does not work 
well. Base layer resistivity (os) is designed taking the 
current amplifier ratio, etc., into account. 

With NEC high-frequency transistors, base resistance 
(ry) has been reduced by employing the graft base 
structure. The graft base technique is one of high- 


frequency transistor manufacturing technologies devel- 





Graft base | 


Active base 
P (,,) 


Collector 





oped by NEC. (Japanese Patent No. 3011 79/1962) 
Figure 5 shows the structure of the graft base 
transistor. To deal with the base layer, it is divided into 
the graft base layer and active base layer. Almost of a 
few carriers injected from the emitter to the base area 
reach the collector via the active base area. Therefore, 
the area substantially related to transistor characteristics 
is considered almost to be the active base area. In this 
respect, in NEC graft base structure, the layer resistivity 
of the graft base area, which has little participation in 
the active area of the transistor, is reduced so that the 
effect as if the base electrode !s directly attached close 


his structure greatly reduces 


| 
I 
| 


to the emitter is obtained, 
diffusion resistance (rp1) and results in reduction of base 


resistance (rj). 


Emitter . X,. x 












Collector-base junction depth 
Collector-base junction width 


Fig.5 Graft Base Transistor 
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NEC has succeeded in realizing high-frequency 
transistors with high fr and low noise employing 
techniques, as explained above, of 

1. Making emitter layer depth (Xje) as shallow as 

possible, and emjtter width (We) narrow using the 
ultra-fine diffusion technique. 

2. Making !¢/Ae large by means of the interdigital 


* 
_* 


pattern. 
3. Making base width (Wp) as small as possible. 
4. Making (rp) small by the graft base structure. 


Figure 6 shows the photograph of a high-frequency 


low-noise transistor. 





Fig.6 NEC High Frequency Low-—Noise Transistor 
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3. HIGH-FREQUENCY LOW NOISE 
AMPLIFIER TRANSISTOR — 2$C2570A — 


The application field of high-frequency low-noise 
amplifier transistors has been widened and they are used 
for: , 

(1) Low-noise amplifier 
(2) Highzgain, low-noise amplifier 
(3) Wide-band, low-noise amplifier - 

NEC provides product groups, each of which has 
specialized features, of high-frequency low-noise tran- 
sistors as shown in Table 1, 

Below, their optimal characteristics and usages for 
each field of application are described in detail emphasiz- 
ing those of 2SC2570A which can be used for any of 
low-noise, high-gain, and low-distortion. 

NEC 2SC2570A is an NPN silicon epitaxial transistor 
designed for VHF and UHF bands low-noise amplifier 
and has features of low noise (NF = 1.5 dB, f= 1 GHz), 
high gain ([Sajel* = 10 dB, f = 1.0 GHz), high fr 
(5.0 GHz, le = 20 mA), and superior Inter Modulation 
distortion characteristic (IM3 = —73 dB, lc = 40 mA). 


25C2570A is contained in TQ-92 package so that the 
wide dynamic range can be utilized and the material of 
its frame is changed to copper instead of conventional 
iron (2SC2570) to obtain the total power dissipation of 
up to 600 mW. Besides TO-92 package, various packages 
are provided such as DISK MOLD, MIN! MOLD, and 
MICRO-X packages for transistors equivalent tc 
2SC2570A as shown in Table 1. Below how to use a type 
of packages for a particular application is also explained. 


3-1 Electrical Characteristics of 2SC2570A Groups and 
Its Effective Usage of Each Package 
Table 2 lists the electrical characteristics of 2SC2570A 
and Figs. 7 through 9 show the current characteristic of 
each electrical characteristic. The curves of the gain 
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bandwidth product fy and insertion gain (1 Saje! 7) vs. 
collector current (Ic) extend up to 30 mA to show that 
this transistor has a very wide dynamic range. (Broken 
line curves showing the characteristics on the low voltage 
operating are added for reference.) 2SC2570A has the 
highest f- in comparison with 2SC2026 and 2SC2408 
and has NF as less as 1.5 dB at the frequency of 1.0 GHz 
to show that his is a high-frequency transistor with 
extremely low noise. 

Figure 11 shows case capacitance of various packages 
and 1/O impedance characteristics by S-parameter of . 
each equivalent to 75C25/70A that are packed in those 
packages. Adaptability of each package to high-trequen- 
cy applications can be known from the capacitance of 
each package shown in Fig. 11-(1). These capacitances 
are equivalent to the parasitic capacitance shown in 
Fig. 2. The DISK MOLD package is mold package most 
suitable for high-frequency applications as it is specially 
designed for that purpose. (Refer to NEC Application 
Note TS-TO007, NEC Disk Mold Transistors FET Diode 
Quad.) The I/O shielding effect in which collector and 
base are shielded by an emitter electrode, suitable for 
high-frequency uses gives, when used with the emitter 
grounded, superior -high-frequency characteristics. The 
MINI-MOLD package has been developed to meet the 
demand of miniaturizing packages and is used mainly for 
packaging on a hybrid IC. !ts capacitance is small in 
comparison with TQ-92 due to its small package. In view 
of the total power dissipation, TO-92 is superior as 
shown in Table 3. About taping and forming for auto- 
matic mounting machine, refer to NEC Application Note 
TEM-3004, Transistors Selection Guide for Non- 
Industrial and Consumer Use Small-Signal Devices. 

Figures 11 (2) to 11 (4) show, by S-parameter, how 
frequency characteristics of the !/O impedance change 
due to differences of packages which pack the equivalent 
chip as 2SC2570A. Input circuit design must be 
consistent with the package used. 





Table 2. Electrical Characteristics of 2SC2570A 







































CHARACTERISTIC SYMBOL TEST CONDITIONS MIN, 

Collector Cutoff Current | icso | VcB=15V,le=0 

Emitter Cutoff Current IEBO_ | Vep=2.0 V, Ic=0 

DC Current Gain hFE Vce=10 V, Ic=20 mA 
| Gain Bandwidth Product | ft Vce=10 V, Ic=20 mA 
| Output Capacitance: | Cob* VcB=10 V, le=0, f=1.0 MHz 

insertion Power Gain ISaiei? | Vce=10 V, 1c=20 mA, f=1.0 GHz 

Noise Figure | NE | Voce=10V, Ic=5 mA, 1.0 GHz_ 

m Available VcE=10 V, Ic=20 mA, f=1.0 GHz 





| Maximum Available Gain MAG 


* The emitter and case terminal should be connected to the guard terminal of capacitance bridge, 


DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR CURENT COLLECTOR CURRENT 


mae fl Ht TT Vae=10 V Cc 7. | TLIILL i it 


ne ie aan 
> Ht == : 















Ss 


| a—. 
PT PT 





hee — DC Current Gain 





f; — Gain bandwidth product — GHz 





« — Collector Current — mA |, — Collector Curent — mA 
Fig.7 h- vs. Ie (28C2570A) Fig.8 f, vs. I, (28C2570A) 
INSERTION GAIN NOISE FIGURE vs. 
eee CURRENT ati CURRENT 


Viz=10 V 
cm @ GHz 




















NF — Noise Figure — dB 





f; — Gain Bandwidth Product — MHz 





ol 
Vce=10 V 
i mime y BY 
ott 1. ce 
0.5 10 5070 
lc — aiieiaie Current — mA |; — Collector Current — mA 


Fig.9 {| S,,,. /? vs. I, (28C2570A) Fig.10 NF vs. I, (28C2570A} 
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(1) Case Capacitance of Various Packages 










Package 70-92 


(Case Capacitance (E-center) 
Between Terminals) 


a 


a0 | 















(NOTE) Case capacitance is the capacitance between terminals 
(these are elctrodes) of the plastic molded package and without 
a chip (dice). The third terminal, with which no measurement is 
carried out, is grounded on measurement, 





(2) Frequency Characteristics of Input (Output) Impedance by 
S-parameter (2SC2570A... ..TO-92) 





(3) Frequency Characteristics of Input (Output) (4) Frequency Characteristics of Input (Output) 
Impedance by S-parameter Impedance by S-parameter 
(2SC2351 ... MINI MOLD) (2SC2369 ... DISK MOLD) 


Fig.11 Case Capacitance of Various Packages and Frequency 
Characteristics of Input (Output) Impedance by 
S-Parameter for 2SC2570A Equivalent 
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Table 3 Features of Packages 


PT (mW) 
Features ; 
Packages _ (free air) 


Easy handling | 250 to 600 
Good compatibility _ (at TIMAX. = 


MINI MOLD Ultra-miniature standard outline | 200 to 250 
small case capacitance (at TiIMAX. = 


High frequency characteristic emphasized «250 
Small case capacitance (at TiMAx.=150 °C). 


DISK MOLD 
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Table.4 Groups of Packages And Their Outlines 










Unit : mn 
TO-92 | MINI MOLD : 
: | 
2.573 | 
| 5.2 MAX. 1. Base 0.5°3is 1. Emitter | 
; | “= | 
| 2. Emitter | 2. Base | 
| . 3. Collector | _ 3. Collector | 
<I | 1” ; 
| = | > | 
| | 2 EIA. :SC-43B | S | 
TT 5 JEDEC : TO-92 a 3 | 
: Ss IEC =: PA-33 : | 
z | 
= | | 
1.27 | | | 
x [x | | 
¢ i< | in 
= ie |} @ | 

~ ~ =) 
| * Most suitable for automatic mounting and | 

«Low cost, good compatibility | miniaturization 











DISK MOLD | MICRO-X 
| 
| 1. Emitter 1. Emitter 
?. Base 2. Collector 
3. Emitter 3. Emitter 
4. Collector | 4. Base 
} 
| 
| | 
| 
| ut 
= | 
: 
+H 
“ | —l | 09.5+0.05 
| S | 2.55+0.2 
— 
s | 
GS ¢3.8+0.2 | 
bd | 
i | 
° | 
«Automatic mounting and high frequency 
characteristic emphasized «For micro wave low-noise amplifier 
ee scenes ace ee teeter cie nttei  sncemnemennstiemsgescmncepnnsenemceectc tas caniotinntminamneticoiemsismecoemmesuumammesuatenietil 
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3-2 Application to Low-Noise Amplifier Circuits 

The noise figure (NF) reaches its best noise value as 
low as 1.5 dB (f = 1.0 GHz) at the point where the 
collector current is 5 mA as shown by the NF vs. 
collector current in Fig. 10. Since NF begins to Increase 
at the point where collector current is 10 mA because of 
starting of saturation of the gain (refer to Fig. 9), the 
bids. is set at the collector current in the range from 5 to 
10 mA. | 

Required power is: P = 10 V x (5 to 10 mA) = 50 to 
100 mW, as collector voltage Vee is usually 10 V. It is 
best to adopt the DISK MOLD package in order to give 
priority to high-frequency characteristics. 


3-3 Application to High-Gain and Low-Noise Amplifier 
Circuits 
The gain reaches its maximum value at the collector 


—70 
1Voe=—10 V 
Ve=100 dBuV/75 Q 
1f=100+90=190 MHz 


—60 





IM, — 2nd Order Inter Modulation — dB 


—AO | | seca 
O J0 20 30 = 40 


|. — Collector Current — mA 
(1) IM, vs. I, 


current 20 mA according to the insertion gain 1S91,1? 
vs. collector current in Fig. 9. At that point, insertion 
gain |So1¢1? reaches as high as 10 dB and maximum. 
Available power gain (MAG) as 11.5 dB (f = 1.0 GHz) 
are shown. The NF has already risen up there, however, 
the NF is still as low as 2 to 2.8 dB with a large collector 
current of 20 to 40 mA. The inter modulation distortion 
reaches its maximum value at collector current 40 mA 
and therefore regarding bias setting, value of the 
collector current is set irfthe range of from 20 to 40 mA 
with the best trade-off between the gain; NF, and 
distortion for particular requirements. : 

The power dissipation is: P = 10 V x (20 to 40 mA 
= 200 to 400 mW with the collector voltage of 10 V, a 
considerable amount of power consumption so that 
TO-92 package is required with a few degradation of the 
high-frequency characteristics. 


V,=105 dBzV/75 Q | 
| f=2x200-—190=210 
MHz 





IM, — 3rd Order Inter Modulation — dB 


0 10 20 30 40 50 60 


|. — Collector Current — mA 
(2) IM, vs. I, 


Fig.12 Current Characteristics of Inter Modulation 


in 2SC2570A 
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3-4 Application to Wide-Band Low-Noise Amplifier 
Circuits 
Figures 13 and 14 show frequency characteristics of 
the gain and NF. A wide-band amplifier circuit can easily 
be designed, as shown in Fig. 15, by providing an RF 


feedback (high-frequency feedback) and also using an: 


emitter feedback. Figure 16 shows the characteristics of 
a wide-band amplifier circuit of 2SC2570A. 


Grax.—-Maximum Available Gain—dB 
Soi, |?—Insertion Gain—dB 





—60.2 
f—Frequency—GHz 


(1) i Sate |?, cae VS. Hi=5 mA} 


Gmax.-Maximum Available Gain—dB 


| Soe |?—-Insertion Gain—dB 





When the bias is set as power supply voltage Vcc 
= 12 V and collector current lc = 35 mA, values below 
shown are obtained: 

Gy = 7,.56dB, NF =5,5dB, and IM3 = —73 dB 

The power dissipation is: P = 12 V x 35 mA = 420 
mW. Therefore, the package of TO-92 is used. To make a 
IC, a MINI MOLD 
package Is required with sufficient heat-sink design. 


wide-band amplifier with hybrid 


Veez= 10 V 





ho 
oO 





0.2 
f—Frequency—GHz 


(2) | Sse 2, Gmax. VS: f(le=20 mA) 


Fig.13 Frequency Characteristics of the Gain in 2SC2570A 


NF—Noise Figure—dB 





0.2 0.4 0.60.81.0 2 


0.1 
f—Frequency—GHz 


Fig.14 Frequency Characteristic 
of the Noise figure in 2S5C2570A 
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Emitter Feedback 






|RF Feedback 


Fig.15 Wide-Band Amplifier Circuit 


G,—Gain—dB 


f—Frequency—MHz 


(1) Gain vs. Frequency 


NF—Noise-Figure—dB 








f—Frequency—MHz 


(2) Noise Figure vs. Frequency 


Fig.16 Characteristics of the wide-Band 
Amplifier Circuit Using 25C2570A 


4. CONCLUSION 


Characteristics and. applications of 25C2570A, which 
can be used for low-noise, high-gain, and low distortion, 
as well as low-noise design idea of NEC high-frequency 
low-noise transistors have been described above paying 
attention to their optimal characteristics and usage for 
each field of applications. The users are requested to 
select the most appropriate devices taking their types 


and packages into account. 


_ APPENDIX 


This application note gives only brief description of 
transistor structures and, in-some places, detailed 
explanations are omitted. Below materials with more 
detailed descriptions are listed together with those 
already mentioned tn this report. 

“Transistor Selection Guide for Non-Industrial and 
Consumer Use Small-Signal Devices”’: 

NEC Application Note (TEM-3004} 
“Disk Mold Transistors, FET, and Diode Quad”: 

NEC Application Note (TS-1007) 
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Appended Fig.1 Measurement Network of G, and NF for 
Wide-Band and Low-Noise Amplifier Transistors 
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Appended Fig.2 Measurement Network of the Distortion 
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APPLICATION NOTE 


PLASTIC MOLD-PACKAGED LOW NOISE MICROWAVE TRANSISTORS 
FOR CONSUMER MICROWAVE APPLICATIONS 
—APPLICATION OF 2SC3355 SERIES— 


1. INTRODUCTION 


Recently, the use of ultra high frequency (microwave) 
transistors has extended to various ultra high frequency 
products such as IF amplifiers for TV sets, VIR 
boosters, CATV converters, Personal Radio, Cellular 
systems and many other consumer products, in addition 
to the conventional low-noise applicetions on com- 
munication and instrumentation equipment and to the 
conventional low-noise and low-distortion applications 
in wideband boosters for TV antenna. 

Following an above mentioned consumer use of 


microwave transistors, development of inexpensive 


plastic mold-packaged transistors is intensely desired 
instead of conventional can or ceramic packaged 
transistors, 

This application note describes the optimal electrical 
characteristics and applicatiéns for consumer microwave 
circuits available with different packages of 2SC3355 
series that are developed with one of our new microwave 
transistor production techniques, it is called Direct 
Nitride Passivated Base Surface Process (DNP Process} 
which is given better RF characteristics and reliability. 

Photo 1 is transistor chip of 2SC3355 series and 
Fig. 1 shows NF and collector current response (com- 


parison with our previous products.) 





Photo 1 Transistor chip of 2S$C3355 series 
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|c—Collector Current—mA 


Fig. 1 NF and collector current response 
(comparison with our previous products) 


2. 2SC3355 SERIES — LOW NOISE 
MICROWAVE TRANSISTORS 


Table 1 shows application requésts and corresponding 
device parameters for microwave small-signal transistors. 
Application of consumer microwave small-signal 
transistors has been expanded along with variety of 
consumer products and requests of characteristic im- 


= 


provement at consumer products. These wide expanses 
of application demand various characteristic of micro- 
wave small-signal transistors, therefore, specific charac- 
teristics for the transistor used is intensely required. 

23C3355 series was designed for low noise, high gain, 
low distortion applications in the VHF and UHF bands 
while meeting the specific requirements for a broad 
range of applications. 


Table 1 Application requirements and corresponding device parameters 


Requirement 


SS SS SS i 


(1) Low Noise Amplifier 


(2) High Gain Amplifier Higher fT 


(3) Low Noise, Low Distortion Amplifier 


(4) High power Amplifier 
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Reduced rh’b 


Extended ‘dynamic range and i improved NF current response 


Device Parameter 


ft 


Extended dynamic range 


2-1. BASIC CHARACTERISTICS OF 2SC3355 
Table 2 shows the features of 2SC3355 


Table 2 Feature of 2SC3355 


Good linearity | 







ee ag TT rE ESE 


1 dB compression is +20 dBm (@ ic=40 mA). Maximum value of IC is 100 mA. 
NF=1.1 dB (@ Ic=7 mA, f=1.0 GHz) : | 7 

-NF=1.8 dB (@ IC=1.5 to 4.0 mA, f=1.0 GHz) 
| |Sotel?=9.5 dB @ @ 1c=20 mA, f=1.0 GHz) - 







Broad dynamic range 


Low Noise Fi igure 






Broad NF dynamic range 
| ~=High Gain 





a 


Table 3 and 4 show the absolute maximum ratings Fig. 2 through 12 show the basic characteristics of 
and electrical characteristics of 2SC3355, respectively. 2SC3355. 


Table 3 Absolute maximum ratings of 2SC3355 (Ta = 25 °C) 















Unit 
| Collector to Base Voltage 7 Vv 
Collector to Emitter Voltage V 
Emitter to Base Voltage : mA 





Collector Current 


ee 


Total Power Dissipation 







Junction Temperature 





Storage Temperature —65 to +150 











CHARACTERISTIC. 


TEST CONDITIONS 

















Collector Cutoff Current | _ | Vcp=10 Vv, le=0 | 
Emitter Cutoff Current LA | VeEp=1.0 V, Ic=0 
. | | Per fan anon Oe 











DC Current Gain 


| Vce=10 V, lc=20 mA 
Gain Bandwidth Product 


VceE=10 V, Ic=20 mA 
VCB=10 V, IE=0, f=1.0 MHz 
; Vce=10 V,lc=20 mA, f=1.0 GHz 

VcE=10 V, Ic=7 mA, f=1.0 GHz |} 
VCE=10 V, Ic=40 mA f=1.0 GHz 










ice [3 
fr | 
Output Capacitance reo |] 
oe 


* Pulse measured (PW < 350 ws, Duty Cycle < 2 % Pulsed) 
** The emitter and case terminal should be connected to the guard terminal of capacitance bridge. 


Insertion Power Gain — 











Noise Figure 






| Noise Figure 
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I7—Gain Bandwidth Product—GHz 


hee—DC Current Gain 


GAIN BANDWIDTH PRODUCT vs. 
COLLECTOR chaldlidenl 





05 1.0 5.0 10 


Ic—Collector Current—mA, 


Fig.2 hee vs. Ic (28C3355) 


DC CURRENT GAIN vs. 
COLLECTOR CURRENT 


VcE= 10V 





Ic—Collector Current—mA 


Fig. 4 fy vs. I¢ (28C3355) 


MAG —Maximum Availabie Gain—dB 


S94 al‘ —Insertion Gain—dB 


ISatel’ Insertion Gain—cB 









INSERTION GAIN, MAXIMUM GAIN 
vs. FREQUENCY 





0.1 0.2 0.4 060810 2 
f—Frequency—GHz 


Fig. 3 |S21el* vs. I¢ (28C3355) 


INSERTION GAIN vs. 
COLLECTOR CURRENT 









4 


i 
tooth i mii | 
oe iis ie Bee 


- 5 10° 90 70 
Ic—Coallector Current—mA 


Fig.5 |Sa4e!?, MAG vs. Ic (2803355) 





3. CHARACTERISTICS OF 2SC3355 SERIES AND THE FEATURES OF SEVERAL PACKAGES 





2$C3355 2503356 
(TO-92) (SC-59) 


2803357 
(SOT -B9) 


4 —=— 


2$C3358 25C3603 
(DISK MOLD} (ux) 


Photo 2 2SC3355 series and outline of each package 


Table 5 lists all device types in the 2SC3355 Series. 
All of these use the same chip. The slight characteristic 
differences between package types are due to different 
package capacitances, This section describes the features 
of the ?SC3355 series devices for each package. For 
more details for each package type, refer to TS-1007 
Disk Mold Tr, FET, Diode Quad, and TEM-3004 
Transistor Selection Guide for Non-Industrial and Con- 
sumer Use Small-Signal Devices. 

Table 6 and 7 show the package capacitances for 
each package type and outline their features. Table 8 
shows the aptitudes of each package type to applications. 
The RF characteristics vary by package capacitance, 
package construction, and other factors listed in Table 6 
because these factors cause RF Loss. The influence of 
these factors on RF gain is greatest. The shape of the 
leads (frarne) in the package also significantly influences 
the device gain. The influence on the noise figures (NF) 


is not very great, similar NF values were obtained for all 


package types. 

~The TO-92 package for RF use has center-emitter 
electrode construction, and is suited for RF applications 
that use emitter-common circuits. Because the TO-92 
has a relatively high package capacitance, it has a 
deficiency in gain. The power mini mold package has 
center-collector construction for thermal resistance. Like 
the TO-92, it also has a deficiency in RF gain due to its 
relatively large package capacitance. The mini mold 
package has slightly better RF gain due to its small 
package capacitance. The disk mold and micro-X 
packages are well suited for RF applications. The disk 
mold type allows emitter-common connection using the 
emitter lead, and has high RF gain due to the input- 
output shield effect across the collector and base, The 
micro-X package, because of ultra-compact design, 
features low lead inductance and package capacitance, 
and has good RF gain from several GHz to several tens 
GHz. 
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Table 5 Device list of 25C3355 series (typical value) (VcE = 10 V, f = 1.0 GHz, T, = 25 °C) 


“item Parts No.| 2S5C3355 | 2SC3356 | 2SC3357 | 83387 | 2803358 2SC3603 


Package To92 | scsg9 | soT-89 
(Mini Mold) |{Power Mini Mold) 


| 

. m 
PT (mW) 600 200 400 | 
(*2000) | 
| 

| 

| 

| 


| Disk Mold ux 
(Micro-X) 


250 290 
fT (GHz (1c=20 mA} 6.5 75 
Cre (pF} 65 ; 0.65 

Ga (dB) (Ic=7 mA) | 9 

ISotel* (dB) (lc=20 mA) 5 : | g 

MAG (dB) (Ic=20 mA) 
NF (1) (dB) (I¢=7 mA) a 1 1.1 
NF (2) (dB) (Ic=20 mA) : | 18 





* When a ceramic substrate of 2.5 cm x 0.7 mm is used. 


Table G6 Case capacitance of several packages 


: 


es Package | = | 
Case Capaciinee— | 10-92 | Mini mola | Power Mini} Disk Mold”2 | Micro-x 
| Between Terminlas (pF) : {E-Center} | Mold | 


CB-F 0.12 0.01 


CCE ln © 0.27 





*1 Case capacitance is the capacitance between terminlas (there are electrodes) of the plastic molded package and without a chip 
(dice). The third terminal, with which no measurement is carried out is grounded on measurement. 
*2 4terminal Disk Mold is used, and it has double emitter structure. 
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ove i Item 
Package ===>. 
TO-92 






| MINI MOLD ~ 
POWER MINI MOLD 


DISK MOLD 


Micro-% 


Table 7 Features of several packages 


nn ee 


Feature 
Easy handling 
Good compatibility 
Ultra-miniature standard outline 
Small case capacitance 





Ultra-miniature standard outline 


Good thermal resistance 


Good RF characteristic emphasized 
Small case capacitance 





Hermetic strip line structure 
Small lead inductance 


High reliability 


* When a ceramic substrate of ?.5 cm x 0.7 mm is used. 





Item 
Package ae 
T0922” 
MIN|IMOLD——™ 
| POWER MINI MOLD 





| DISK MOLD 
| MICRO-X 


Table 8 Aptitude of several packages 


— 





Compact and Suitable 
for Automatic Mounting 


PT (mW) (Free Air) 


250 to 600 
(at Tj MAX = 150 °C) 


200 to 250 
(at T) MAX = 150 °C) 
400 (2000*) 


250 





(at Tj MAX = 150 “C) 


(at T; MAX = 150 °C} 





200 to 300 
(at Tj; MAX = 150 °C) 


Total Power 


Dissipation (PT) 


Ds esi © 

O QO... AL 

pA’ Q | Oo 

© —_ oO [oO 

QO sap nth SQ) Oa 
Excellent ‘2 ao Good 5 eee Fine 
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Fig. 6 through 9 show the RF gain for different 
package types. Fig. 6 and 7 show the response of 
|S21el? and MAG and frequency, respectively. Fig. 8 
shows the |S21el? and Ic response, and Fig. 16 shows 
the gain response for minimum NF (optimum NF 
tuning) and Ic. 

The gain for package types were: 0.5 dB between the 
power mini mold and TO-92, 2? dB between TO-92 and 
the mini mald, 1.5 dB between the mini mold and disk 
mold, and 2.5 dB between the disk mold and micro-X. 


NUE 
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i 
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S 2SC3603 
: 2SC3358 aN 
+ 10 2SC3356 
‘ 2SC3355 
2 2SC3357 
a 
| VceE=10 V 
lc=20 mA 
oL | 
0.1 0.2 0.4 060810 2 
f—Frequency —GHz 
Fig. 6 |Saiel’ vs. Frequency (Several Packages) 
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Fig.8 |So1el* vs. Ic (Several Packages) 
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The difference between the power mini mold and micro- 
X was 6.5 dB. This indicates the importance of optimum 
package type selection in circuit design because the 
pellets used in each package are the same. 

S-parameters of the 2S5C3355 series devices are shown 
in Fig. 10 through 15. Fig. 10 through 12 show the S- 
parameter and IC responses, and Fig. 13 through 15 
show the differences in the S-parameter between package 
types when Ic = 20 mA. This data indicates the 
importance of optimum design for ea&th package type. 


9SC3603 ® 
9SC3358 


2SC3356_| 
2SC3355 
2$C3357 


MAG—Maximum Available Gain-dB 





0.4 0.60.81.0 2 


f—Frequency—GHz 


Fig. 7 MAG vs. Frequency (Several Packages) 


G,—NF Optimum Associated Gain—dB 





0.5 1 5 10 50 70 
Ic—Collector Current—mA 


Fig.9 Ga vs. Ic (Several Packages) 
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Fig. 11 S21e vs. Ic and f (2$C3355) 
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Fig. 12 $12¢ vs. Ic and f (28C3355) 
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4. APPLICATION OF THE 2SC3355 SERIES 
IN RF CIRCUITS 


4.1 APPLICATION IN LOW NOISE, HIGH GAIN, 
LOW DISTORTION AMPLIFIERS 


Fig. 16 and 17 show intermodulation IM9 and IM3 
and collector current, respectively, with noise figures 
ant. collector current response. The second order inter- 
modulation distortion IMg consists primarily of current 
and voltage distortions. The peak at around lc = 50 mA 
in Fig. 16 is where the current and voltage distortion 
cancel each other. The third order intermodulation 
distortion IM3 is mostly current distortion. The peak at 
around Ic = 40 to 50 mA in Fig. 1/7 is due to gain 
reduction in the device. 

Because of the broad NF dynamic range [NF 1.8 dB 
(f = 1.0 GHz) from Ic = 1.5 to 40 mA], a low distortion 
amplifier can be built using the 2SC3355 and 2SC3357 
without adversely increasing noise. The devices have a 
gain saturation point at around over Ic = 30 to 40 mA, 
as shown in Fig. 3, therefore amplifiers with ultra low 
noise, low distortion, and high gain can be produced. 

For practical applications, however, It is necessary to 
consider the dispersion of gain saturation point and 
collector current for individual devices, under the 


correlation with DC current amplification factor (hfe) 


2$C3357 | diets 
25C3355 | Po= 100 dBuV 
25C3358 


VcE=laVv 
f)=90 MHz, f9=100 MHz 


25C3356 


IMo—2nd Order Intermodulation—dB 





Ic—Collector Current—mA 


Fig. 16 IM2, NF vs. Ic 


NF —Noise Figure—dB 
IM3—3rd Order Intermadulation—dB 





and other factors. Circuit design should, therefore, 
include a margin of 70 to 80 % with respect to the 
typical values.. When distortion is the primary concern, 
a bias setting of around Ic = 31 to 36 mA seems 
optimum because the peak of IM3 is around Ic=45mA 
as shown in Fig. 1/7. For this bias setting, a low noise, 
low distortion and high gain design is possible, for 
example NF = 1.5 to 1.7 dB, IMg = —43 dB, IMa 
= —73 dB, and Gs = 10 dB (TO-92). 

For 2SC3356 or 2SC3358 devices with low total 
power dissipation, keeping within the allowable total 
power dissipation for the device is essential. 

Fig. 19 shows the intermodulation distortions IMg 
and IMs and collector current, and Fig. 20 shows this 
distortion for forward insertion gain |S97e@!l? and noise 
figure NF corresponding to collector-emitter voltage. 
The saturation point of IM3 is inversely related to 
|S91e!? as shown in Fig. 20, and IM9 has an improved 
low current range due to a saturation point shift result- 
ing from improved voltage distortion. Because the noise 
figure is not affected by variations in supply voltage, 
the NF and collector current response is the primary 
design factor for bias current setting, and the gain and 
IM9, IM3 to voltage response are the primary design 
factor for setting bias voltage. 


2$C3357 
2$C3355 


fe2xfo—ty 


IMa f Vce=10 V 
; ps MHz, fo=200 MHz" 
By=100 dB 


NF—Noise Figure—dB 


=a 
an 
an 
an 





Ic—Collector Current—mA 


Fig. 17 IM3, NF vs. I¢ 
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4.2 APPLICATION TO WIDE BAND, LOW NOISE AMPLIFIER CIRCUITS 


RFFy RFF RFF3 





Fig. 20 Three-stage wide band amplifier 
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The following describes the use of the 2SC3355 
series in three-stage, low noise, wide band amplifiers, 

Fig. 20 shows a block diagram of the three-stage 
amplifier. The amplifier uses RF feedback from the 
collector to base (RFR1, RFF2 and RFF3), and emitter 
feedback (EF 1, EF? and EF3) for a wide band. Cj and 
Co are inter-stage coupling capacitors. The amplifier 
parameters are calculated using the following equations: 


Total Gain = Gq; + Gq2+Go2 


NFQ? —1 NFQ3 -— 1 


Total NF = NFqg] + 
Go} GQz 


t2) 
The third intermodulation distortion is expressed by 
the following equation: 


IM3=2(I.P.—Po) ........ reer (3) 
Where, ie, 
Po: Output power 


Intercept point 


The second intermodulation distortion is seriously 
affected by the input-output matching (phasing) of the 
transistors, 

The gain distribution for each stage, NF distribution, 
and optimum bias can be determined by using the 





transistor specifications. 

Equation 1 shows that overall gain is the sum of the 
gain for each. transistor. Equation 2 shows that the 
overall noise (NF) is determined by the first stage. 

Distortion can generally be improved by optimizing 
the collector current for each transistor, and the third 
intermodulation distortion is correlated to output power, 
as calculated by equation 3. For example, IM3 can be 
improved by 10 dB by suppressing the output power 
5 dB. ‘ 

The above discussions suggest that the- following 
points should be considered when designing a low noise, 
low distortion, wide band amplifier: 

(1) Minimize the noise figure in the first stage (Q4) 

(2) IMg3 of Q9 and O3 are improved by selecting the 

. optimum point for collector current response. 

(3) IM3 of Qj is improved by gain distribution based 
on the following equation: [(Q1 output power) 
= (Q3 output power) — (GQ? + Gq3)). 

(4) IM9 is affected primarily by phase matching of 
input and output. 

(5) Select devices with the best specifications. 

Table 9 shows a basic design concept for gain, noise 
figure, and bias for transistor characteristics. 


Table 9 Basic circuit design for specific transistor characteristics 





Required Performance 





Low-Noise 






High-Gair 
IC response. 






Low distortion 






Selecting Point of Transistor Feature . 
Select the lowest NF point for the 
NF and IC response. | 
Select the highest gain for gain and 


Select the lowest distortion point for 
|the distortion and IC response, and 
suppress the transistor output power. 






Bias Point 










at the low current range (several mA) 


lat the large current range (20 to 40 
mA) 


at the large current range (30 to 50 
mA) 

Inter-stage gain distribution and gain 
for each transistor should be opti- 
| mized. 
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Fig. 21 and 22 show the input-output response of 
the 2SC3355, At the point of Poyt = —7 dBmW/50 & 
(100 dBuV), IM3 is 75 dB when Ic is 40 mA. The NF 
and collector current shown in Fig. 1 shows that the 
noise figure of the 2SC3355 is mimimized at a collector 
current of 7 mA. Fig.22 provides the input-output 
response for a collector current of 7 mA, whereas IM3 
is 45 dB that is at the point of PoUT = —7 dBmW/50 Q 
(100 dBuv). if the output power of the final stage of a 
three-stage amplifier is assumed to be —7 dBmW/50 22 


i 

if 

a) 

1 dB compression a ae LLP. 
ae 


iM3_ 


PouT—Output Power—dBm 


PouT=7dBm 
| ‘IMg=75 dB ? 


Vce=10V 
Ic=40 mA 
fy=190 MHz 
t9=200 MHz 


f=2xfo—f4=210 MHz 


10 0 10 20 30 
Piny—Input Power—dBm 


—20 


Fig. 21 Pn vs. Pout (1) (2SC3355) 
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AQ 





(100 dBuV), and the gain in the second and third stages 
is 10 dB, then the output power of the first stage is 
—27 dBmW/50 Q (80 dBuV). At this point, IM at the 
first stage becomes 85 dB that is remarkable improve- 
ment at the value of 40 dB. This result is also calculated 
by equation 3. 

We have looked at the importance of adequate inter- 
stage gain distribution. The noise figure for the first stage 
may be minimized for a low noise, low distortion 
amplifier. & 


IM 


(POUT=7 dBm) 
| IM3=45 dB 


PoyuT—Output Power—dBm 


Vce=10V | 
Ic=7 mA 
f4=190 MHz} 
f9=200 MHz |} 
f=2xfo—f7 | 





_40 20 -10 0 10 


Pin—lnput Power—dBm 


—50) —30 


Fig. 22 Pin vs. Poyt (2) (2SC3355) 


Figs. 23 and 24 show the characteristics of three- is obtained from 40 to 900 Mrz: 


stage, wide band amplifier using the 2SC3355. Gy = 28 dB, NF = 2.5 dB or less 
When supply voltage is Vcc = 12 V and the current Also IMg = 50 dB and IM3 = 65 dB are obtained 
bias setting is Icc = 50 mA, the following performance when PoyuT = 100 dBuVv. 


NF—Noise Figqure—dB 
Gy—Voltage Gain—dB 





f—Frequency—MHz 
Fig. 23 A three-stage, wide band amplifier characteristics (1) using the 28C3355 (NF, Gy vs. f) 


R_.—Return Loss—dB 





f—Frequency—MHz 


Fig. 24 A three-stage, wide band amplifier characteristics (2) using the 2SC3355 (IRL, ORL vs. f) 
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5. CONCLUSION 6. APPENDIX 


The features of 2SC3355 series (f7 = 7.0 GHz) Below materials with more detailed descriptions are 
fabricated using the DNP Process were described for each listed together with those already mentioned in this 
package. And also, design approaches for RF amplifiers note. 
using 2SC3355 series dev'ces were discussed and applica- ® "Transistor Selection Guide for Non-Industrial and 
tion examples were given. Consumer Use Small-Signal Devices. ’’ 

Transistor applications in the RF field include a wide >: NEC Application Note (TEM-3004) 
application range, and we shown only a few application @ “Disk Mold Transistor, FET and Diode Quad.” 
examples in this note. We hope circuit designers will ‘ NEC Application Note (TS-1007} 
make suitable circuit designs using optimal features of ® “High Frequency Low Noise Transistors for VHF 
the 25C3355 series. and UHF Band Applications — Application of 


2SC2570A —.” 
: NEC Application Note (TEA-1027)} 
@ "The DNP PROCESS and Its Application to Low 
Noise RF Transistors.” 
- NEC Application Note (TEA-1030) 
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KX POST AMP 


1 GHz 


to 110 dBuV 7 
80 to 110 dBu —20 to —10 dBmW 





| AF SW Stub Tuner RFE SW 
OSC -—~ +H HH | +] 
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NF: NF Reading © 
NF 1: NF for device 
NF»: NF for 2nd stage 
G1: GP for device 
DUT: Device under test 


NFy—1 


NF =NF q+. 
G4 


Appended Fig. 1 Measurement Network of Gs and NF for Wide Band and Low Noise Amplifier Transistors 


Att 





Measuring 


Att | 


Variable tent Power 


Band 
Pass 
Filter | 


Spectrum 
Analyzer | 


Appended Fig. 2 Measurement Network of the Distortion 
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Appended Table Groups of Packages and their Outlines 


Unit: mm 


MINI MOLD 


?,8t0.2 
0.65 636 


095 0.95 


12.7 MIN. 


1. Base EIAJ: SC-43B ae 1. Emitter 
?. Emitter JEDEC: TO-92 2. Base 
3. Collector IEC: PA-33 3. Collector 


” Most suitable for automatic mounting and 
* Low cost, good compatibility | miniaturization 


DISK MOLD POWER MINI MOLD 


1. Emitter 1. Emitter 
2. Base | 2, Collector 
3. Emitter . 3. Base 

A. Collector 


* Most suitale for automatic mounting ana 
1 . a” rm . . . 


characteristic emphasized * Good heat dissipation 
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Emitter 
Collector 


iF 

2. 

3. Emitter 
4. Base 


* For micro wave low-noise amplifier 
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NEC PIN DIODES 


Recently the use of PIN diodes has been spread in a 
very wide range from kHz bands to millimeter wave 
bands. A variety of PIN diodes are required in diversified 
tields of application. 

NEC's PIN diodes are produced, in accordance with 
those requirements, to cover all the fields of applications 
from kHz bands to millimeter wave bands with their 
well-defined types and specifications. 

Today, the PIN diodes may be classified into five 
types described below according to their usages. They 
are 

(1) Variable resistance elements which are controlled 
with low distortion by forward current, such as 
AGC circuit 

(2) Radio-frequency switching elements with low in- 
sertion loss and high isolation, such as microwave 
switching circuit. (controlled by vero or reverse 

bias vs. forward bias) 

(3) Ultra-high-frequency switching elements with very 
high speed and very low transmission and reflec- 
tion losses, such as PCM phase modulating PIN 
diodes. 


Table 1 List of NEC’s PIN Diode 


Classification | Type | Package | Outline 


APPLICATION NOTE 


AND APPLICATIONS 


(4) AM moaulaing elements for frequencies of micro- 
wave or higher. (which may be regarded as high 
speed switching) 

(5) High-power pulse controlling elements, such as 
PIN diode limiter which is a sélid-state version of 
TR tube in radar system. 

This document introduces NEC's PIN diodes and des- 
cribes their adaptability, use and characteristics. 


1. GENERALS 
NEC’s PIN diodes are classified as described below ac- 
cording to their semicoductor structures. 
(1) N-base PIN diodes 
The diodes are divided into two types according to 
the thickness and resistivity of the |-layer. 
(a) Middle speed (about 100 ns) type 
PIN diodes for radio fequency (VHF or beyond) 
———Mainly used in microwave-band AGC circuit and 
switching circuit, they will be the main products in 
switching elements for phased-array radars because 
they have the most suitable characteristics for these 
purposes. 


Characteristics 


EO -_—- ———- 


| 1sv27 | Fig. 41 VR(OwAl2100V, Crl-6V)S0.35pF,, ISO (7GHz, OV)2259B, Li (7GHe, 20mA)S0.24B | Wave guide ATT, AGC, SW 
: 


Middle” 1SV26 [Ceramic | Fig. 2 | VR (10nA)2100V, Cr(— 6V)S0. )-SSPF, tds (OmAI= 1.6~3. 62. tgp MOnA}=300~5002 


| Speed | 


a —- ——— 


9. 3 | VR(10uAl2100V, Cr(-6V)S0.25pF, rj OMAI=1.6~3.622, rap (10WAD= 300~5002 


VR(OuA)Z GOV, ci(-10V)- 0.1~0, 2pF, Li (20GHz, 2548m)S0. 708 


diode | Ai | | Fig. 


| High | 1$V48 |Ceramic | Fig. 1 | VR OuAl2 30V, Cjl-10V)=0,18~0.36pF , Li (20GHz. 26d8m)S1 ‘OdB 
Speed  reeeac re (neat ne aco ronaan ca 
15V6E 


| Fig, 4. | VR (iOvA)2 30V,Cj(—10V)=0.09~0.18pF, Li (20GHz, 25dBm)S0.94B 


| Fi 4 | VallOuAle 30M, Cj{(—10V)=0.09~0.18pF, Li (20GHz, 25dBm)= =0.958 


Sp --+ +--+ eae 


Fig. 1 | Ve@li0uA)2100V, Ct(—-50V)S0.6pF, fgs(10mA) 6~102, fap\1OuA)Z2«2 


| Ceramic -——.—_____ 


Fig. 2 | VR (10uA)2100V, ctl S0V)S0.6pF, Fgs(10MA)= 6~102, rap! 1OpA)Z2kD 


a a 


: Vrl10uA)2100V, Ct(—SOV)S0.5pF, fds (1OmA)=6~ 102, rap IOWANZ2AQ 


ValiOpAj2100V, Cr(— S0V)S =0.5pF, fds (10mA)= =6~102  Fdp1OnAIS2k2 


High Speed | 
Pulse 
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| VR(10uAJ2 GOV. Ci(—-10V)=0,1~0.2pF, Li (20GHz, 2508m)S0.708 


| 1$vgo | /Fig, § | ValtOnAle 30V , Ct(—-15V}S0.5pF, rge(1OMAIS 152, rgp(10uA)Z 1k 





ND?702B8) Module | Fig. 24 | Lil9.4GHz,0.1mW)S1.2d6, Py (9375MHz, O~2kW, 1.0us, 1kHz)S200mW 


| wave IC ATT, AGC, Si 


| Ss me as above 


a et Ce 


| wawave IC iC, Si, AM 


ii Wave-guide, SW, &M 


=— ——-—— —-- = ~ << 


| Wave-quide, SW, 4M 


| Phase “modulation for quasi- 
: a millimeter wave PCM _ 


Phase modulation for quasi- 
| millimeter wave PCM a 
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(b) High speed (0.5—20 ns) type (2) P-base PIN diodes 


PIN diodes for ultra-high frequency (microwave Those PIN diodes with thick |-layer and high resis- 
band or beyond)———They are principally used as tivity are now peoduced. They can be classified into 
phase modulators. They are now attracting attention various usages according to thier package structures and 
in every frequency band from microwave to milli- their design concepts. Details of the types are described 
meter wave and are begining to use. Other new usages in Table 1. These PIN diodes in used in every field where 
such as high-speed AM modulator and high-speed pas- specially high-speed response is not required. Namely, 

“sive limiter are expected. they are used in any AGC and switching circuit or high- 


power active limiter around 1 MHz or higher. 
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Ceramic 


Cathode 





@ 2.3 MAX. @ 1.7 MAX. 1.5 MAX. 
Fig. 1 Prong Package (Unit: mm) Fig.2 Ribbon Package (Unit: mm) 
(1SV27, 1SV37, 1SV47, 1SV48) (1SV26, 1SV36) 
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@ 1.3 MAX. 1.3 MAX. @ 1.3 MAX. 1.3 MAX. 


Fig. 3 Small Ribbon Package (Unit: mm) Fig.4 Ribbon less Package Fig.5 JEDEC: DO-35 Glass Package 
(1SV28) (Unit: mm) (Unit: mm) 
| (1SV65, 1SV66) (1SV34, 1SV35, 1SV80) 
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2.PERFORMANCE PRINCIPLE OF PIN 


DIODE 
Fig. 6 shows the basic structure of PIN diode. 
P or N layer 


| layer {v or m layer) 





N or P layer 
Structure of NEC's PIN Diode 
‘In N-base PIN diode, say P-I-N junctions | 
from the top, whereas for P-base PIN diode, 


Fig. 6 






read the figure as N-|-P from the top. 


(1) By supplying of the forward current, the radio- 
frequency resistance linearly varies with amplitude 
variation at fairly large amplitudes. 

(2) For a reverse bias of for a smal! forward bias, the 
Capacitance for radia frequency is inherently con- 
stant and every small. 

(3) For a middle or a large forward bias, the radio- 
frequency resistance is much smaller than its parallel 
reactance component and, consegiently, its re- 
actance component can be neglected. 

The above characteristics are the reasons for PIN 
diodes being good variable resistors at radio frequencies. 
The rigorous analysis of these important characteristics 
is too complicated. Therfore, the following qualitative 
description is better for the understanding of the per- 
formance. 

Summarizing the characteristics (1) through (3), a 
PIN diode can be regarded as a capacitor with an elec- 
trode of N-layer and another electrode of P-layer, 
formed of both sides of an insulating ‘‘|'’ layer, re- 
spectively. This model corresponds to zero or reverse- 
biased state. Since, in general, a PIN diode for radio- 
frequency use is designed to make a smaller area (fac- 
ing area) than its |-layer thickness and to have a very 
small capacitance, the capacitance of the diode in this 
state is far smaller than that of other diode. In addi- 
tion, the capacitance is determined by |-layer thickness 
only and it is independent of reverse bias voltage. Now, 
when the PIN diode is supplied the forward bias (view- 
ed as a simple PN junction diode), this PIN structure 
shows an action that the holes injects from the P-layer 
to the |-layer and the electrons injects from the N-layer 
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to the lI-layer. The amount of injected electrons and 
holes are proportional to the forward current and to 
the carrier lifetimes of electrons and holes. Here, the 
forward current replenishes carriers which are destroy- 
ed in the l-layer or pushed out of the layer, and the 
carrier lifetimes are factors inverse to the speed of car- 
rier annihilation in the |-layer. 

As the lifetimes are longer, the carrier is stored easy 
in the I-layer. 

When the carriers are stored in #he |-layer, the spe- 
cific resisitivity of the l-layer is decreased proportional- . 
ly to the stored amount. This means that the insulating 
|-layer is converted to a resistance which varies propor- 
tionally with the forward current. P-and N-layers on 
both sides of the |-layer, which have low resistivity, act 
as electrodes in radio-frequency band, leaving no no- 
ticeable nonlinearity on their boundaries to the |-layer. 
Furthermore, when the carrier lifetimes in the |-layer 
are satisfactorily long compared with the period of 
radio-frequency signal, only DC component is effective 
for the carrier replenishment and radio-frequency 
component is almost in effective. Therefore the radio- 
frequency current is transported by a mechanism called 
“phase current’’ which is similare to the transport in 
metals. This property also indicates that the phase shift 
in current is not expected with respect to supplied 
radio-frequency voltage. In other words, the reactance 
is not observed, 

The above expanation is based on the first order 
model of PIN diode performance. 

Sometimes it is necessary to consider the presence 
of the intermediate layer between P and |-layers and 
the problem of limiting low frequency band in low-fre- 
quency operation. These factors should be taken into 
account in respective application as peculiar character- 
istics of each type of product. 


3. CHARACTERISTICS AND APPLICATIONS 


OF NEC’S PIN DIODES 

1. N-base PIN Diodes 
(1) Middle-speed, radio-frequency use PIN diodes 
These PIN diodes are the most generally used ones for 


microwave band and they have been used the most. Fol- 
lowing five features are found in this type of PIN diodes. 


(1) The variation of resistance is relatively large and 
it has very small distortion in microwave band. 
(2) The response speed is relatively quick and they 


can be used for amplitude modulation also, 

(3) The driving current is relatively small. 

(4) The electrostatic capacitance is very small in 
radio-frequency region. 


(5) These PIN diodes are produced in super-high reli- 


10 k 














able structure. 

There are four kinds of packaging as shown in Figs. 1 
through 4, to each _o* which certain type names are spe- 
cified. The representative characteristic curves are shown 
in Fig. 7. 
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Fig. 7 RF Impedance Characteristics of PIN 


Diode (Ta = 25 °C) 


Type names, characteristics specifications, packaa- 
ings, and major usages are shown in Table 1. The points 
to be noted for each are described below. 


(a) 1SV28 
This is a general use PIN diode for hybrid IC in- 
cluding microwave IC. It is completely hermetic seal 
in a case with ceramic. It is formed very compact into 
an element which can be handled like a beam lead. 
The lead is made of hard material thickly plated with 
gold using either soldering of TC-bonding. It takes the 
advantage of package type with respect to sealing and 
handling as well as the merit of beam lead with re- 
spect to circuit mounting and circuit characteristics. 
Since this package is designed to minimize the ele- 
ctrostatic capacitance and the impedance product in 
package also this PIN diode without lead can be used 
within a waveguide for quasi-millimeter or millimeter 


wave band. There are examples of this PIN diodes 
used for AGC and switching with good results. The 
major use of this type is found in attenuators with 
lumped constants such as bridged T composed of 
microwave IC’s. An example is shown in Fig. 8. 







series bias 


io V xornre 


T50 2 50 8 
NPN 
shunt = | 
bias to shunt diode to shunt 
Diode attenuator by diode 


bridged-absorber method Bias voltage supply 


Fig.8 Application of PIN Diode 


(1SV26, 1SV28, 1SV34, 1$V35, 1SV36) 
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(b) 15V26 

This is the high-reliability version of 1$V28, It is 
produced by super-high-reliability processes and the 
failure rate of this diode is conformed 10Fit or less 
presently. Concurrently its, package is larger in size 
and its package capacitance is larger by 0.1 pF than 
1SV28. The other characteristics of 1SV26 are all the 
same as*1SV28. 
(c) 18V27 

This type is a version of 1SV28, intended for use 


«a 


in waveguide. The main application is line switching, 
different from that of 1SV28. A single diode provides 
an isolation of 30-40 dB when switched from forward 
to reverse biasing. The diode has advantages that the 
perfect ON-state can be pravided with a small amount 
of forward current and it can handle much power. 
(2) High-speed PIN Diodes 

These diodes constitute a type which is attracting 
a growing attention recently. Especially accompany- 
ing with the progress of PCM communications in 
quasi-millimeter and millimeter wave and the de- 
mands for higher output signal, the necessity of these 
PIN diodes are getting more and more evident. 

This type of diode is designed to have thinner 
l-layer for getting a satisfactorily small |-layer resist- 
ance even when the stored charge is less. The increase 
of the reverde capacitance due to the thinning of the 
layer is compensated by the reduction of junction 
area. 

The fact that a satisfactory ON-state is maintained 
with small amount of stored charge means that the 
times of transitions OFF?ON and ONOff are short. 
In addition, this nature results in a fast response 
speed of radio-frequency resistance to the variation of 
biasing current. Futhermore, this type of diode is de- 
signed to have smaller reflection and transmission 
lossed in ON and OFF actions, namely, a smaller 
radio-frequency loss component. The switching ac- 
tion of this diode can be rapidly actuated from ON- 
state in forward biasing to OFF state in reverse bias- 
ing only by momentarily supplying reverse current. 
‘This action is utilized in PCM communications that 
specially high-speed switching is demanded. Therfore, 
when PIN diodes of this type were first developed, 
the switching times were measured under the test 
conditions determined on the assumption of uses in a 
PCM system, and their ratings were so specified that 
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they could be easily converted to the actual switching 
times. NEC’s PIN diodes are now used as protectors 
of fine pulses surge and as passive limiters by virtue of 
their high-speed response speed, high cutoff frequen- 
cy, and small electrostatic capacitance. 
The festures of NEC’‘s PIN diodes are: 
(1) High-speed switching is capable (up to 0.5 ns). 
Q) High-speed amplitude modulation is capable (up to 
several 10 MHz). 
(3) Low loss {reflection and trangmission losses 0.3— 
1.0 dB) 
(4) High fe (cutoff frequency) (max. 800 GHz) 
(5) Low electrostatic capacitance (Cj: junction capa- 
tance) 0.05—0.2 pF 
6) No reactance variation. 
@) High power can be handled. (0.5—4 W) 
Following descriptions. are for four types now a- 
vailable. 
(a) 1SV46 
This is a general-use high-speed PIN diode for 
hybrid |C’s including microwave IC's. This is very low 
loss, small electrastatic capacitance, and high break- 
down voltage for high-speed use. The diode has an ex- 
perience of 4 W of workable high-frequency power. 
The switching time is longer than that of 1SV48. Its 
ratings and standard characteristics are shown in 
Table 1. 
(b) 1SV47 
This type ts a version of 1SV46 to be mounted in 
waveguide. 
(c) 1SV48 
This PIN diode has been developed for direct 
phase modulation in PCM with particularly large bit 
numbers (400 Mbit or less). Because the use for large 
bundle lines is main use, tts reliability is severly 
checked. The characteristic features of this type in- 
clude, (1) a very fast response speed (2) a small driv- 
ing power, and (3) the capability of switching up to 
the power level of transmission output. These fea- 
tures serve for an extreme simplification of trans- 
mission system and for a compactness of diode driv- 
ing circuit, resultion in the economy of the system. 
Its ratings and standard characteristics are shown in 
Table 1. Its switching and impedance characteristics 
are shown in Fig. 9 and 10, respectively. 


Rise time of measuring pulse 


(0.7 -th PIN diode storage time ts 


(or reverce recovery time trr] 
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Fig.9 Switching Characteristic of High-Speed PIN 
Diode 1SV48 


(d) 1SV65 

Contrasted to 1SV48 used as a high-speed PIN 
diode for quasi-millimeter wave, 1SV65 is used as 
high-speed PIN diode trom quasi-millimeter to milli- 
meter waves (20—40 GHz). The electrostatic capaci- 
tance is very much reduced concurrently. (Cj = 0.18 
pF MAX) 
(e) 1SV66 

The bonding wire of this diode is reduced in- 
ductance for the use at higher frequencies than in 
1SV65. (Ls = 0.1 nH) 


2. P-base PIN Diodes 

These diodes, are not classified by design principle. 
Unlike N-base PIN diodes, however, each of them is 
designed according to its purpose of use. 

Since they have common structural natures of thick 
and highly resistivity |-layer , the following characteris- 
tic natures are resulted. 

(1) Works with low distortion to low frequencies. 
(2) High frequency electrostatic capacitance is small. 
(3) Special high power design is possible. 
(4) Resistance variation is very larae. 
(5) Switches of high isolation can be formed with 
these PIN diodes. 
Compared with N-base products, RF resistance is 
high in the same forward current. 
@) Compared with N-base products, response speed 
is slow. 
NEC's P-base PIN diodes are designed tc be fully uti- 
lized in a variety of usages. 
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Fig. 10 Impedance — Biasing Characteristic of High 
Speed PIN Diode 1SV48 


The following descriptions will explain each type in 

detail. 
(1) 1SV36 

This diode is used super-wideband AGC curcuit 
from 500 kHz to microwave band. It is packaged in 
hermetic seal of ceramic. This is chiefly used for the 
mounting on hybrid IC, but, at the same time, it can be 
used as a general type with high reliability. In spite of 
its slow response speed, it will be PIN diode for AGC 
curcult of communication and industry uses in the 
future, because it has features such as small parasitism 
capacitance, inductance, and junction capacitance, 
compact package, low distortion, and super-wide-band 
adaptability. The detailed description of characteristics 
is shown in Table. 1. 
(2) 1S8V37 

This type is used for microwave line switching 
with high isolation and low insertion loss. As an ele- 
ment, it demonstrates simler characteristics to 1SV36. 
However, it is packaged for uses in waveguide. The 
standard specification of this PIN diode includes test 
conditions in microwave band, and its impedance 
against microwave is controlled, too. Furthermore, be- 
cause heat dissipation from the package is good and the 
height of ceramic body is high, this PIN diode can 
withstand high power and high voltage and it can be 
used as a PIN diode for high voltage use. Fig. 11 shows 
the typical isolation and insertion loss of this diode 
mounting in waveguide 
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Li-dB 





7 — Frequency — GHz 


Fig. 11 Frequency Responce of ISO and Li of PIN 
Diode 18V3?7 
(3) “ISVeZ5 


This is a PIN diode for AGC curcuit from to 1 
GHz. Its dimension is shown in Fig. 5. It is packaged in 
glass according to JEDEC: DO-35. The diode is princi- 
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pally used on printed curcuit board. The high reliabili- 
ty process is applied to make this diode and it is de- 
signed for the communication industry use under the 
specifications of the communication industry grade. 
(4) 1SV34 

This is a PIN diode for AGC curcuit from 1 MHz 
to 1 GHz. The design of this diode has been intended 
for the mass production of PIN diodes at a low cost. 
The specification of this diode is determined in accord- 
ance with the mass-consuming usades such at CATV 
and TV boosters for consumers. The frequency and 
biasing characteristics of RF resistance are shown in 
Figs. 12 and 13, respectively. A typical application to 
an attenuator and its characteristic curves are described 
in Figs. 14 and 15, respectively. Fig. 16—19 show 
typical applications to RF switches and their character- 


ristics. 
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Fig. 13 rq—lp Characteristic of PIN Diode 1SV34 
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Fig. 14 Characteristic Circuit of 7-type Diode 
Attenuator Using PIN Diodes 1SV34_ 
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Fig. 15 Attenuation Characteristics of m7-type 
Diode Attenuator 
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Fig. 17 Attenuation Characteristic of RF Switching 
Circuit (I) (Ta = 25 °C) 
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Fig. 18 
Diode 1S8V34 


(5) 1SV80 


This is a low-cost general-use diode to be used 
from 1 MHz to 1 GHz. This diode is used for applica- 
tions which require diodes in the mass-consuming 
usages such as attenuators for consumers’ CATV, TV 
tuners and RF switches for VTR. Its characteristics are 
similar to 1SV34 and it is packaged in DO—35 glass 


type as shown In Fig, 5. 
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Cont. Volt+12~ +15V 


RF Switching Circuit (Il) Using PIN 


Li — Insertion Loss ~ dB, ISO — Isolation — dB 
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Fig. 19 Attenuation Characteristic of RF 
Switching Circuit (Il) (Ta = 25 °C) 


4. CHARACTERISTICS AND APPLICATIONS 

OF NEC’S PIN DIODE MODULES 

This is a solid-state version of TR tube which has 
been used for protector of ship radar system receiving 
mixer diode from high input power. The presently avail- 
able product is ND702B for input power of 2 kW (pulse 
width 1.0 ps and repetition frequency 1 kHz) which is 
shown below. Fig. 20 shows the outline dimension of 
the unit which can be connected to X-Band waveguide. 
Figs. 21 and 2? show its frequency characteristics of its 
input-output and insertion loss, respectively. 


P9—Spike Leakage Power — mW , Pif—Flat Leakage Power—mW 
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Fig. 20 Outline of PIN Diode Limiter ND7028 (Unit: mm) 
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Fig. 21 Input-Output Characteristic of ND702B 
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Fig. 22 Insertion Loss Characteristic of ND/702B 


The element belongs to N-type ultra-high speed PIN 
diodes. It is a zero-biased passive limiter which can work 
only when high input power is supplied. The attenuation 
is 40 dB or more for an input power of 2 kW (pulsed) 
and the insertion loss is 1.2 dB or less. Therfore this unit 
ig attracting much attention as a semiconductor version " 
of TR tube. 
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APPLICATION NOTE 


DOUBLE BALANCED MIXER USING NEC’S 
SCHOTTKY BARRIER DIODE 1SS97 OR ISS99 


1. GENERAL 

Double balanced modules (DBM) using schottky 
barrier diodes are classified as described below according 
to their usages. 

(1) Balanced mixer 

(2) Phase detector 

(3) RF modulator 

Mixers using schottky barrier diodes are classified as 
described below according to their structures. 

(1) Single mixer operating with a single diode, 

(2) Single balanced mixer (SBM) operating with a 

pair of balanced diodes. 

(3) Double balanced mixer (DBM) )operating with 

four balanced diodes. 

With a single mixer, the mixing of signal frequency 
fR and local oscillation frequency fi appears frequency 
of fR—f| and fR +f; on the IF terminal. In addition, 
fR and f, themselves appear on the IF terminal. 

With a single balanced mixer, f, does not appear on 
the IF terminal because the mixer is balanced against 
the local oscillation frequency. 

Double balanced mixer is balanced not only for 
local oscillation frequency but also for signal frequency. 
Consequently, no signal except fR — fp and fR +f 
appears on the IF terminal. 

Since the mixer which not appear unnecessary 
components on the IF terminal is advantageous, the 
double balanced mixer is, of necessity, the most 
advantageous one, 

Furthermore it has the following features. 

(1) Conversion loss (Lc) is small and frequency 

characteristics is good (providing wide band 
characteristics). 


(2 


et 


Isolation between signal, local oscillation and IF 
terminals is good. 

(3) Intercept point is high. 

Usually a double balanced mixer needs a relatively 


large local oscillation input power (3 mW — 10 mW 
conventionally). The feeding of large local oscillation 
power tends to the improvement of intermodulation 
distortion (IMD) characteristics. This means the raising 
of the intercept point which is frequently referred 


today. For the standard local oscillation input power 


of +10 dBm (10 mW), the intercept point is approx- | | 


(100 mW), 
describes the intercept points of NEC‘’s schottky barrier 
diodes 1SS97 and 1SS99, 


imately +20 dBm The next paragraph 


2. PERFORMANCE OF DOUBLE BALANCED 

MIXER 
“As shown in Figs. 1 and 2 illustrating the action of 
double balanced mixer, when a signal is fed to the local 
oscillation terminal of a circuit composition of sym- 
metrically arranged two matching transformers and 
four diodes, the phase difference across the secondary 
of T2 becomes 180° and the rectified current flows 
through D7 and D9. The potential of A will be equal to 
the potential of the central GND tap of T2, namely, the 
ground potential, 

Similarly, the potential of B between D3 and Dag is 
equal to GND and the relation A = B = GND =0O holds. 
That means that the potential difference between A and 


B is zero and na woltage is induced in T1, 
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RF Input IF Output 





| RF Input LO Input 
} (LO Input) 
| 
J 
4 O1F Output 
LO input (IF Output) * 
Fig. 1 Basic DBM Circuit Fig. 2 DBM with Crossed over Transformers 
Therefore, the local oscillation input terminal can be Figs. 4 and 5 show the conversion loss to local 
considered as isolated between the IF port and RF oscillation input power characteristics, Figs, 6 and 7 
signal input port, resulting in a good isolation, When show the intermodulation distortion (intercept point) 
a voltage is applied to the IF port, a potential is characteristics, Fig. 8 show the used double-hole care, 


generated at C and D point which is equa! to the IF port and Figs. 9 and 10 show the insertion loss and isolation 
potential due to the action of Dj, D4 and D9, D3. characteristics. 

Since no potential difference exists between A and B, : 

no voltage is induced in T7. This is the reason for the 


good isolation between the IF port and the RF port. 


3. DOUBLE BALANCED MIXER USING 
SCHOTTKY BARRIER DIODES (1SS97 or 
18899) 

Fig. 3 shows the equivalent circuit of a double 
balanced mixer using NEC's schottky barrier diodes 
1S897 or 18$99. 


RF Input IF Output 








(LO Input) 





(_ 
LO Input (IF Output) 


Fig. 3 Equivalent Circuit of DBM Using Double-hole 
Core 
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Po—Output Power—dBm 


Le—SSB Conversion Loss—dB 


+30 


fa 4=110 MHz | 
+20 fpAa=120 MHz 


fR=120 MH 
f, =150 MH 


Fil 
Fd 


PR=—20 dBm 


P, —LO Input Power—dBm 


Fig.4 Le vs.P_ of 15897 


| PL =+10 dBm 


é 
Na 
a 3dB Suppression Point _ 


~ O° 50 





40 


—30 ~20 —10 0 +10 


Par—RF Input Power—dBm 


Fig. 6 Intercept Point of 1SS97 


‘ 
Mp Sa 





f, =150 MHz 4 intercept Point 





+20 


Po—Output Power—dBm 





fR=120 MHz 
fy =150 MHz 
PR=—20 dBm 


L¢—SSB Conversion Loss—dB 





P; —Local Input Power—dBm 


Fig.5 Le vs. PL of 1SS99 


+30 

fR74=110 MHz 

fR2=120 MHz 
f,=150 MHz 
P, =+10 dBm | 





50 -40 —-30 -20 -10 OO +10 +20 
PRe—Input Power—dBm 


Fig. 7 Intercept Point of 15899 
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L;—Insertion Loss—dB 


ISO—Isolation—dB 





la 1: 






0.12 mm copper wire 
(three turns) 





Ib 


* 
~ 


Ferrite core 


1.9x3.4x2.4 mm 
pe=300 


Fig. 8 Ferrite Core Transformer (Double-Hole Core} 


Pi=+7 dBm 


——@ a M--@ 


f--Frequency—MHz 


Fig.9 Li vs. f 





f—Frequency—MHz 


Fig. 10 ISO vs. f 





4. TRANSFORMERS 


Figs. 11 and 12 show the basic circuit of various formers for double balanced modules, respectively. 
double balanced modules and the winding of trans- 


IF OUT (a) The most basic circuit 





|F OUT (b) Isolation is good but too many transformers required 


(c}Double-hole balun used for transformer, no DC 
voltage application allowed on signal IN, and good 
characteristics obtained in spite of incomplete DBM 


operation. 





IF OUT (d)Ilmprovement of type (c), 1:1 transformer is used in 


a1 front of the complete DBM double-hole balun for the 


use with DC voltage. 


Y LO IN 


Fig. 11 Basic Circuit of Double Balanced Modules 
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(a)1: 1: 1 Transformer to be used in Fig. 1 (a) and (b). alignment on a ferrite toroidal core. 


Three ulemet wires of ¢0.2—0.5 mm are wound in 








2 


1 J 
finish winding 


start winding 
cross and fasten with a string 


(b)1 : 1 transformer to be used in Fig. 1 (b}) and (c}, ment on a ferrite toroidal core, 


Two ulemet wires of #0.2—0.5 are wound in align- 





(c) Double-hole balun for UHF TV receivers or the like, 
to be used in Fig. 1 (c) and (d). 





ferite core 
(double-hole core} 





Fig. 12 Winding DBM Transformers 





NEC’S SCHOTTKY BARRIER DIODE QUAD AND APPLICATION 
(ND487 Series) 


1. GENERAL 

Schottky barrier diodes formed by the contact of 
meta}-to semiconductor are used in a very wide range 
from consumers applications such as TV tuners, CATV 
converters, and VTR modulators to industrial ones such 
as microwave communication systems and measuring 
instruments. They are rarely used as individual diodes, 
but in most cases, used in group as matched pair or 
matched quad, This document describes the introduc- 
tion and the typical applications of Schottky barrier 
diode quads ND487 series recently developed and sold by 
NEC, 


2. WHAT IS A SCHOTTKY BARRIER DIODE? 

Schottky-barrier diode is a type of diode provided 
with a rectifying capability through a Schottky barrier 
formed on the contact of a metal and a semiconductor, 
Since a amount of stored carriers are little, this diode has 
an advantage of very short times of turn-on and turn-off, 


Consequently it is used as a detector, a mixer, or a 


, schottky barrier 


_ Oxide film 





Fig. 1 Element Structure of Schottky Diode 


modulator for VHF/UHF through microwave band (up 
to 100 GHz), and, also as a switching diode for ultra- 
high speed gating, clamping or sampling. 

Fig. 1 shows a typical structure of Schottky diode. 
When a forward voltage is applied to this diode which Is 
formed by a combination of N-type epitaxial ‘silicon 
layer and a metal, electrons in silicon are injected to the 
metal layer with much higher energy than that of free 
electrons in the metal, and, consequently, a forward 
current flows. Hence, as contrasted to PN-junction 
diodes whose rectifying actions are caused by the injec- 
tion, of minority carriers, the rectification of Schottky 
barrier diode is resulted by the injection of majority 
carriers, 

When a reverse voltage is applied, the Schottky 
barrier prevents the transfer of electrons from metal to 
semiconductor, causing no reverse current flow, Then 
due to the minority carrier flow is not absent, the 
reverse which PN-junction diodes 


recovery time, 


generally have, is not defined in Schottky barrier diode. 


IF 





mb small 


Fig. 2 Static Characteristic of Schottky Barrier Diode 
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The selection of the metal for a Schottky barrier 
diode which is formed by the contact of metal to 
semiconductor depends on the barrier potential (height 
of barrier) @p desired for the intended electrical charac- 
teristics. 

The electrical characteristics related to $b are, as 
shown in Fig. 2, the forward threshold voltage Vip 
and the reverse current IR in V-| characteristics. 

When ob is raised too high, the hole injection is 
caused because a P-type inverted layer is produced in the 
semiconductor contacted to the metal, and the advantage 
of the Schottky barrier is lost, Practically, metals with 
db of 0.5—0.85 eV are used. The reason of P-type 
layer production is understood as a phenomenon that, 
when the electronic potential in the N-type domain is 
raised too high by the space-charge layer, the Fermi level 
at the semiconductor surface contacted to the metal is 
depressed below the center of the forbidden band. 

The energy leve! diagram of Schottky barrier diode is 
illustrated in Fig, 3. 


Conduction band 





See eee 


| Fermi Jevel forbidden 
(energy gap) band 






a d ae | 
barrier métal 


Aff ae 








n type semiconductor | Valence band 





Fig. 3 Energy Level Diagram of Schottky Barrier Diode 
(N-Type Semiconductor) 
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Following the above description on the general 
structure of Schottky barrier diode, this document will 
explain aSchottky barrier diode quad recently developed 
and completed as a product by NEC for double balanced 


modulator, 


3. SCHOTTKY BARRIER DIODE QUAD 

As described previously, Schottky barrier diodes are 
widely used for detector, mixer and phase modulator in 
a frequency range from VHF t@ microwave bands. 
Since they are hardly used as single element but in most 
cases used as a matched pair (two units matched in 
characteristics) or a matched quad (four units matched 
in characteristics), the integration of the units has been 
demanded. The product which has been integrated asa 
monolithic IC on this demand is Schottky barrier diode 
quads ND487 series. 


Table 1. List of NEC’s Schottky Barrier Diode Quad 


| Internal | 
Connection | 














Type No. Outline 







ND487C1-3R 
















Disk mold type 














ND487C1-3P 





ND487R1-3P | 






| Micro-X type 








ND487C2-3P 






ND487R2-3P 


Table 1 shows the series of products, ND487 series, 
The following merits can be attributed to ND487 series. 
(1) Being a one-chip double balanced module, well 
balanced characteristics can be expected between 
four electrodes. 


(2?) Since diodes are interconnected in cross con- 


—— 


figuration, the circuit configuration can be 
simplified. 
(3 


a 


Since the quad can be used as a double balanced 
mixer of diodes, a wideband characteristic and a 
large dynamic range can be obtained. 

(4 


— 


Being packed in a small package, it can be densely 
mounted and, consequently, it is suitably used for 


portable and mobile sets. 


Electrical Characteristics (Ta=25°C) 


VF1=0.7 VMAX, 


VF2=0.3 VMAX. @lF=1mA 
* Internal connection 
AVEQ=20 MVMAX. @IlF=1 mA 
| ND487R1-3R Cy=1.2 pFMAX. = @ f=1 MHz, VR=0 
: ACT=0.2 pFMAX. @ f=1 MHz, VR=0 


Ve 1=1.0 VMAX, 


| ND487C2-3R- VF2=0.5 VMAX, @ip=1mA “ 
ASVF2=20 mVMAX. @IlF=1 mA 
4 C+=0.2 pFMAX, @ f=1 MHz, VR=0 


VF1=0.7 VMAX. 


VF2=0.3 VMAX. @IF=1 mA 
4SVeE2=20 mVMAX. @ IF=1 mA 
Cy=1.0 pFMAX. @ f=1 MHz, VR=0 


ACy=0.1 pFMAX., . 
Ve 1=1.0 VMAX, 
VF2=0.5 VMAX. 

AV FQ=20 mMVMAX., 
Cy=1.0 pFMAX, 

ACy=0.1 pFMAX, 














| @ IF =50 mA - 




















@ |-F=50 mA 




















@ If=50 mA 





@ f=1 MHz, VR=0 
@ IF=50 mA 

@ |IF=1 mA 

@ |F=1 mA 

@ f=1 MHz, Vp=0 
@ f=1 MHz, Vp=0 








(2) Ring 





4. STRUCTURE OF SCHOTTKY BARRIER 
DIODE QUAD 

4-1 External Structure 
The external view of ND487 series is shown in Fig. 4 


and its outline dimensions in Fig. 5 and’6, 
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Fig, 4 External View of ND487 Series (disk mold and micro-X type) 
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Fig. 5 Outline Dimensions of Disk Mold Type Fig. 6 Outline Dimensions of Micro-X Type 
(Unit: mm) (Unit: mm) 


Two types are available, disk-mold type of a structure 4-2? Diode Pellet Structure 


effective for costdown and micro-X type hermetically Usual Schottky barrier diode has a structure shown in 


sealed with ceramic. Either of the both occupies a much Fig, 1, and when a voltage supply between metal and 


smaller space than any arrangement of four elements of silicon, the diode operate with a diode characteristics, 


usual glass-sealed Schottky barrier diodes. However, in a diode quad, four diode elements must be 


formed on a chip and each diodes must be connected in 
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series on a chip. 

The series resistance and capacitance should be re- 
duced because they determine the quality of Schottky 
barrier diode, 

These points have been taken into account as shown 
in Figs.7 and 8 by adapting striped diode element 
structures and by shortening the distances between the 
ohmic electrodes and the Schottky barrier electrodes to 


an extent where no problem is generated during usual 





Fig. 7 External View of Ring Type Pellet 


5, CHARACTERISTICS OF SCHOTTKY BAR- 
RIER DIODE 
5-1 V-! Characteristics 


The V-1! characteristics of single diode element in 


107 


tm mm mmm mm mm rn me a a rer 


processings. 

There are two types of wiring between diode elements. 
They are the cross.type where the wires are crossed over 
on the pellet to facilitate the construction of double 
balanced modulator and the ring type where the 
distance from a diode element to the corresponding 
bonding pad is equalized to have freedom from the 


phase defferences, 





Fig. 8 External View of Cross Type Pellet 


ND46&/ series can be classified into two types, as shown 
in Fig.9, dependent on the combination of silicon and 


metal composing the Schottky barrier. 


| | 
7 —> —__--____+———— + —_ 


l-F—Forward Current—mA 


0 O02 O04 





06 08 
Ve—Forward Voltage—V 


ND487C2 | 


Fig. 9 Single Diode Element Characteristics of ND487 


Series 
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5-2 Circuit Configuration and Characteristics of 
Double Balanced Mixer 
As an example of application of a Schottky barrier 
diode quad, the characteristics of a double balanced 
mixer circuit is described. 


In general, there are two types of double balanced 


IF Output 


RF Input (LO Input) 


ws 





LO Input — 
(1F Output) 


Fig. 10 Basic Circuit DBM 


The advantages of the double balanced mixers are: 

(1) Good isolations are obtained between terminals 
signal, loca! oscillation, and IF. 

(2) High intercept point can be reached, 

(3) Wide-band and large dynamic range are obtained. 


The characteristics of a double balanced mixer 








mixer, the one that arranges diodes crossed-over on each 
other as shown in Fig, 10 and the other one that 
arranges transformers partly crossed over as shown in 
Fig. 11. When a quad diode is fermed on a chip and 
the diode’s characteristics are equalized to each other, 
this diode quad constitutes ND487 series. 


RF Input 
es, 


| 
| 


= 


LO Input 





| IF Output 


Fig. 11 DBM with Crossed over Transformers 


~ 


using ND487 series are described, 

The transformer has been prepared using a taiyo- 
yuden’s core (ue=300) with double holes and the coils 
have been wade of three enamel coated wires gathered 


in a bundle and wound two turns around the core 
illustrated in Fig. 12, 


A 1:2 : | 5 
o— IG 
| 2 B 
| (= OG 
_ BIE ’ 
A’ a 


eg 


Ferrite core made by Taiyo- Yuden 


pe=300 


Fig. 12 Double-Hole Core and Coil Winding 


Because conversion loss, isolation, and frequency 
band-width of double balanced mixer largely depends on 
the matching transformer, it is bMportant to make it in 
low loss and well-balanced. 

The measured characteristics of the double balanced 
mixers shown in Figs. 10 and 11 prepared with ND487 
series will be described below. 

Fig, 13 shows the conversion loss to local! oscillation 
input power characteristics. With ND48/C1 and R1, 
a conversion loss (Lc) of 5.5 dB is experienced at local 
oscillation input power (P__) of +3 dBm (2 mW). With 








L_—Conversion Loss—dB 





ND487C2 and Ra, Le is 5.5dB at PL of +7 dBm 
(5 mW), 

Fig. 14 shows the frequency characteristics demon- 
strating conversion loss and isolation for varied signal and 
local oscillation frequencies with IF (Intermediate Fre- 
quency) held constant at 30 MHz. Both characteristics 
are satisfactorily wide-band up to 500 MHz. According 
to the isolation characteristic, the local oscillation input 
appearing at the IF terminalg is —20 dB or less (1/100 or 
less) which is negligible (The frequency characteristic 
of the transformer rolls off beyond 500 MHz.). 


fRA=400 MHz, |PR=—20 dBm 
fL=430 MHz f)F=30MHz 
o ND487C1, R1 
e ND487C2, R2 






P_—Local Input Power—dBm 


Fig, 13 Conversion Loss Characteristic of ND487 Series 
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PR=—20 dBm 
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Py =+10 dBm 


0 ISO(L+X) 


ge 





300 ~ 500 | 1000 


f—RF Frequency—MHz 


Fig. 14 Frequency Response of ND487 Series 


Fig. 15 shows the intercept point (IP) and the 1 dB 
compression point of ND48/ series. 

The intercept point of ND487C1 and R1 is+13 dBm, 
and that of ND487C2 and R2 is +18dBm. The 1dB 
compression points are —2 dBm for ND487C1 and R1 
and +3 dBm for ND487C2 and R2. 

The intercept point is defined in the following 
manner. Assume that a constant local oscillation 
power is fed to the mixer and the two: signals with 
different frequencies are delivered to the signal input 
terminal. As far as the input levels of the both 
signals are low, the third order intermodulaiton distor- 
tion power (IMD) remains very small and its curve must 
be located around the bottom of the graph. However, 
the increase in the input signal levels will bring about a 


rapid increase of the IMD output power reaching the 
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same level as the desired signal level. This point is the 
IP and it is expressed by the input level at this point. 

IP is not only used for the comparison of element 
characteristics but also for the estimation of IMD output 
power for any input signal level if the IP value has been 
known once. That is, by using the relationship that 
1 dB change. in each of the both input signal levels 
results in 3dB change in IMD output power, the 
designer can evaluate the maximum tolerable radio- 


frequency input power level for his design. 


PoQ—Output Power—dBm 


+20 | 


+10} 


~10 | 


“~ 
rx LP, 
oO % 


1 dB Compression 





| 
7 


+13 dBm 


| 


+10 


Pj—Input Power—dBm 


Fig. 15 Pj vs. Po of ND487 Series. 





e ND487C1, RI 
0 ND487C2, R2 
Pp =+10 dBm 








+18 dBm 
+20 +30 
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6. APPLICATIONS OF DOUBLE BALANCED wide range of pulse duty cycle and pulse width can 


MODULE be handled, 
Double balanced module can be used in a variety of (2)Phase modulator 
applications other than simple transmission or reception This modulator utilizes the fact that, when input 
mixers. Typical applications are described below. powers of the identical frequency are fed to the local 
(1)Pulse modulator oscillation terminal and the signal input terminal at 
For example, a circuit shown in Fig. 10 can be used the same time, a DC output corresponding to the 
as a pulse modulator if a DC voltage can be applied phase difference of the two input signals is obtained 
to its IF terminal and when constant-current pulses on the IF output terminal. This modulator is used 
are fed as input. The bouble balanced mixer with for phase locking and phase detection. 


wide band characteristics has an advantage that a 
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APPLICATION NOTE 


NEC 
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CHARACTERISTICS OF 2 GHz BAND MIXER 5 

USING 1SS97, 1SS98 AND 1SS99 > 

oO 

= 

2? 

oO 

i‘ = 

The 1$S97, 1SS98, and 1SS99 are Si Schottky barrier 1. ELECTRICAL CHARACTERISTICS OF m 

diodes developed for VHF—UHEF bands mixer, switch, or 18897, 18S98, and 1SS99 

detetior. This document describes their characteristics Tables 1 and 2 show the absolute maximum ratings 
when they are used in a 2 GHz band mixer. and electrical characteristics of 1SS97, 1SS98, and 


18899. Their outline dimensions are shown in Fig. 1. 


Table 1, Absolute Maximum Ratings 








Raina (Tae25 °C). 
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Note 1. Peak Reverse Voltage (VRM) 
Note 2, Cp=25 pF 








Table 2, Electrical Characteristics 






. | Electrical Characteristics (Ta=25 °C) 
ete i.) 
| symbol | Conditions 
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VrR=0, f=1 MHz 
IR=100 pA 







l-=1 mA 
lF=10 mA 
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Cathode @ 0.4 6 1.9 MAX. Anode 


I 
7 a 
a Aas 


‘25MIN. | 4.5 MAX, 25 MIN. 


Fig. 1 Package Dimensions (Unit: mm) 


2. 2 GHz BAND MIXER CIRCUIT 


Fig. 2 shows the circuit of 2 GHz—band mixer. 











| ‘ i Cc Materials 
ni H | Epoxy glass board 
t=1.6 mm 
e =4.8 
Dy & °° Ly |F output 
(0) (©) ‘{0) Copper 
RF input LO input 02 a7 C4 t=3.5um 
UH, 
C7,C9,C3 *: 1000 pF chip capacitor 
D1,D9 : Schottky diode 
Ly : 6 turns of @ 0.6 mm tin-plated wire wound to 4,5 mm inner dia, 
C4 : 20 pF ceramic trimmer capacitor 
Cs : 1000 pF feed-through capacitor 


Fig. 2 2 GHz Band Mixer Circuit 
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3. CONVERSION LOSS TO LOCAL OSCILLA- power characteristics of 1SS97, 1SS98, and 1SS99 at 
TION INPUT POWER CHARACTERISTICS zero bias are shown in Figs. 3, 4, and 5, respectively. 


The conversion loss versus local oscillation input 
| fR=2,000 MHz 
! f, =1 900 MHz 


p= 100 MrAz 
Pe=—20 dBm 
































Le—Conversion Loss—dB 














rE= Local Input Power—dBm 


Fig. 3 Lo—PL Characteristic of 15597 
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fR=2 000 MHz 


| | | f) =1 900 MHz 
12 a ee t+ — np te L 
| | fie= 100 MHz 





! Pa=—20 dBm 
| 
| | | 












































Lc—Conversion Loss—dB 














+14 


P, —Local Input Power—dBm 


Fig. 4 LC—Py Characteristic of 15898 
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| | f3=2 000 MHz 


| | f, =1 900 MHz 
— ee ——+ & 
r | fif= 100 MHz 
| Pa=—20 dBm 

















Lco—Conversion Loss—dB 











j ! | 
TTT 
| | | | | 
| | 
 Q +2 4 »©364602~C~S=«SQ +10 +12 «+14 


P; —Local Input Power—dBm 


Fig. 5 Lo—Pi Characteristic of 1SS99 


4. BIASING CHARACTERISTICS 1SS97, 1SS98, and 1SS99, respectively, for externally 


Figs. 6, 7, and 8 show the biasing characteristics of applied DC bias voltage. 


fR=2 000 MHz, PR=—20 dBm 
fp =1 900 MHz 

I e Pi =+10 dBm 
pean reres SP. OE 














Lc—Conversion Loss—dB 

















0.1 03 OS 1 3 5 10 
Ih—Circuit Current—mA 


Fig. 6 L¢e—lp Characteristic of 1SS97 
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‘Cc~ Conversion Loss—dB 


Loe Conversion Loss—dB 
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Ib—Circuit Current—mA 


Fig. 7 Le—lp Characteristic of 1SS98 
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Fig. 8 Lco—lp Characteristic of 1SS99 
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5. FREQUENCY RESPONSE OF CIRCUIT 
Fig. 9 shows the frequency response of 2 GHz band 


mixer circuit. 








| f, =fR—100 MHz 
= ie a | a |  PRa=—20 dBm 
: | | PL=+10 dBm 





Le—Conversion Loss—dB 








1500 | 2000. 2500 
fR—RF Frequency—MHz 


Fig. 9 Frequency Response of Circuit 
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